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TRACKING SYSTEM FOR TWO ASYNCHRONOUSLY SCANNING RADARS

1.0. INTRODUCTION

In the past 2 number of automatic detection and tracking systems, each using detections
from a single radar, have been constructed. This report describés a tracking system that
uses detections from two asynchronously scanning radars located in close proximity. The
radars used are the SPS-12 and SPS-39; provisions have been made to add the SPS-10 at a
later date. The general configuration is shown in Fig. 1. The detection and measurement
procedures for each radar are described in Refs. 1 and 2, In addition, Ref. 1 describes the
general operation of the system. The SPS-12 is a two-dimensional (2-D) radar with a scan
period of 6 s. The SPS-39 is a three-dimensional (3-D) radar with a scan period of 8 s
which operates in a special mode using only two beams and thus acts as a 2-D radar. This
is used to decrease the multipath fading when both radars are considered together. Also,
the operator can ask for height information on a specified target and then the SPS-39 will
perform an elevation scan over a small sector in azimuth about the target [1].

2D AR
SEARCH ATD 2D SYN
VIDEO
DISPLAY
SURFAGE
SEARCH ATD
TRACKING TR. FILE
COMPUTER DISPLAY
20 / (R, 6, H)
_/" ATD
3D AR
SEARCH
—\* ELEV . TRACK RADAR
ATD uTo DESIGNATE
HEIGHT
REQUEST ["manuaL
ELEV SCAN

Fig. 1 — General configuration of the system

The tracking system, which is the topic of this report, resides in a minicomputer
(a Data General Nova 800). '

Three types of tracks are considered: clutter points (or slowly moving targets), tar-
get tracks, and tentative (or new) tracks. The tracks are correlated or associated with the
detections from the radars. The tracks are smoothed, and each target’s position is pre-
dicted for the next time the radar will be over the target. In order to reduce the number

Note: Manuscript submitted October 29, 1974. -
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of correlations to be performed, the tracks are stored in 64 sectors, and only those
detections in the sector where the track is located and in neighboring sectors need be
considered.

Most of the single-radar tracking systems use the radar itseif for a clock, since the
radar operates at a constant scanning rate. While this system is similar to other tracking
systems using a single radar, it differs from previous single-radar tracking systems in
timing, filter updating, and track initiation, and in the use of detections from two radars.
Section 2 defines the basic system parameters and discusses the basic routines,

2.0. TRACKING SYSTEMS STORAGE FILES AND BASIC ROUTINES

When a track is establishied in the software of the computer, it is convenient to assign
it a track number. With this system, all parameters associated with a given track are
referred to by this track number. Each track number is also assigned a sector (region of
space in azimuth) such that the correlation process {described in Sees. 4 and 5) can be
performed efficiently, Tn addition to the track files, a clutter map is maintained. A
clutter number is assigned fto each stationary or very slowly moving target. All parammeters
associated with a clutter point are referred to by this clutter numbey, Again, each clutter
number is assigned a sector in azimuth for efficient correlation.

The input data bank, which includes detection measurements and control parameters
from the radars, is described in section 2.4. Most of the remaining parameters are listed,
along with the previously defined parameters, in section 2.6, Finaily, two short routines
are descrived: the smoothing filter and the calculation of detection time,

2.1. Track and Clutter Number Files

The track and clutter number files are the same as those described by Richeson of
APL {3]. The parameters required for the files are listed below.

Parameters Description

NT Track number -
DROPT 1 {obtain) or 0 {drop) a track numhber NT
FULLT Number of availabie track numbers

NEXTT Next track number available
LASTT Tast track numhber not being used
LISTT (256)  File whose 256 tocations correspond to track numbers
NC Clutter numbex
DROPC 1 (obtain) or § {drop} a clutter number NC
FULLC Number of available clutter numbers
NEXTC Next clutter number available
LASTC Last clutter number not being used

LISTC (266)  File whose 256 locations correspond to clutter numbers
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Only the operation of the track number file is described, since the clutter number file’s
operation is identical.

The track number file is begun by setting LISTT (I) = + 1 for I = 1 through 255.
LISTT (256) is set equal to zero (denoting the last available- track number in the file),
NEXTT = 1 (the next available track number), LASTT = 256 (the last track number not
being used), and FULLT = 255 (indication that 255 track numbers are available). A flow-

chart of the operation is shown in Fig. 2, and the subroutines TRKNO (NT, DROPT) and
CLTNO (NC, DROPC) appear in Appendix A.

( eem )

LISTT (LASTT) = NT
IS ZROPT\ YES LISTT (NT) = 0
o LASTT = NT
FULLT = FULLT +1
NO
NT = NEXTT

NEXTT = LISTT (NT)
LISTT (NT) = 512
FULLT = FULLT-1

|
C RETURN )

Fig. 2 — Flowchart for track number file,
subroutine TRKNO (NT, DROPT)

When a new track number is requested, DROPT is set equal to one, and the system
checks to see if FULLT is zero. If FULLT is not equal to zero the routine is called.
Since DROPT = 1, the new track is assigned the next available track number; i.e., NT =
NEXTT. The next available track number in the list is found, and NEXTT is set equal
to LISTT (NT). FULLT is decremented, indicating that one less track number is available.
Finally, LISTT (NT) is set equal to 512 (a number larger than the number of possible

"‘Ilﬂfl‘l,l!\ 'an;n ':ﬂ “A+ 2 YaYaVulalelnl o g l\'l'l" kn,“ﬂ 1.‘-& Anl\!ldﬂ:“ﬂ "Ll\ l 2SS Jave i kY a)
uaLndf., 1110 1D 1IUL HTLCOdALY DUl HTIPDd L UCOURsIilLE uic prouglailil,
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A track number is dropped (DROPT = Q) by setting the last available frack number

LISTT (LASTT) equal to the track number NT, which is dropped. LISTT (NT) is set
equal to zerc to denote the last track numbey, and LASTT is then set equal to the track
nuwmber being dropped, LASTT = NT. The parameter FULLT is incremented, indicating
that one more track number is available,

The track and clutter number files maintain a linkage frory one number to the next,

and they operate very rapidly, eliminating searching techniques.

2.2 Track and Clutter Parameter Files

Parameters associated with a given track number are listed below. Parameter TF (NT)

Parameter

NR (NT)
RS (NT)
AS (NT)
VRS (NT)
VAS (NT)
RPT (NT)
APT (NT)
ES (NT)
TT12 (NT}
TT39 (NT)
TT (NT)
TF (NT)
TTL1Z (NT)
TTL39 (NT)
KT (NT)
OUT (NT)

RPC (NC)
APC (NC)
TC12 (NC)
TC39 (NC)

Description

Smoothed range stored every 8 scans of SPS-39
Smoothed range position

Smoothed azimuth position xs(k)
Smoothed range velocity i PN
Smoothed azimuth velocity st#)
Predicted range position } o(R)
Predicted azimuth position P

Elevation angle

Last time the SPS-12 updated the target

Last time the SPS-39 updated the target

Last time the target was updated

Time of targets first detection/Elevation scan parameter
Next time the SPS-12 will see the target

Next time the SPS-39 will see the target

O firm track, 1 tentative track

Output for display

Point clutter's range

Point clutter’s azimuth

Last time the SPS-12 updated the clutter
Last time the SPS-39 updated the clutier

is used to store the time of the first detection until a firm track has been established.
After a track has been established, it is used as a counter t¢ determine on what scan of
the SPS-39 an elevation scan will be performed on the target.

The parameter OUT {NT) is used for the display. Its format is listed as follows:
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Bit Condition

0 valid track; 1 invalid

1 if SPS-12 is detecting a target

1 if SPS-39 is detecting a target

1 if SPS-10 is detecting a target

1 if TFF is detecting a target

1 if the track is being handed off

1 if elevation information is requested.

S WO

2.3. Track Number Assignment to Azimuth Sector Files

The azimuth-range plane is separated into 64 equal azimuth sectors, each of 5.625°.
After a track is updated or initiated, the predicted position of the target is checked to
see which sector it occupies, and the track is assigned to this sector. If the track is dropped
or moves to a new sector, it is dropped out of the sector in which it was previously located.
The parameters associated with sector files are listed below. Only the assignhment of track

Parameter Description

TBX (I) First track number in sector I (a subscript of array IDT)

IDT (256) Each location corresponds to a track number, and the location
contains the next track number in sector [ or a zero.

CBX (I} First clutter number in sector I (a subscript of array IDC)

IDC (256) Each location corresponds to a clutter number, and the
location contains the next clutter number in sector I or a
ZEero.

numbers to azimuth cells is described, since the clutter number assignment is identical,
and the process is essentially the same as described in Ref. 3. The TBX () file contains
the first track number in sector I. If TBX (I) = 0, there are no tracks in sector I. The
IDT (256) file has storage locations corresponding to each of the possible 256 track
numbers. The first track number in sector I is obtained from FIRST = TBX (I). The
second track number in the sector is obtained by NEXT1 = IDT (FIRST). The next track
number in the sector is obtained by NEXT2 = IDT (NEXT1). This process is continued
until a zero is encountered, indicating that there are no more track numbers in the sector.

When a new track is added or a track moves from one sector to another, a track
number must be added to the sector. The flowchart for achieving this is shown in Fig.
3. The first track number in the sector is stored, the track number NT being added is
made the first track number in the sector, and the track number NT in the IDT (NT)
file is made equal to the original first track number in the sector. This procedure is
essentially a push-down stack, pushing the older track numbers further down in the file.
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( et )

NL = TBX {1}

Tovw 1l . AT
ToA 1y —iwt

IDT {NT} =

(e )

Fig. 3 — Adding a track number NT
to seetor I, subroutine TNEW (NT, I}

When a track is dropped or moves out of the secior, the track number must be
removed from the sector. The flow diagram for this is shown in Fig. 4. First, it is
determined whether the first track number in the sector TBX (I} is the one being dropped.
If it is, the first track number in the sector is set equal to the second track number in
the sector, and the location in the IDT file corresponding to the track number NT being
dropped is set to zero. NT is set equal to the track number in the file following the one
iust dropped, so that we now have the next available track number. If the track number
being dropped is not the first one in the file, then the push-down stack IDT (NL) is
searched sequentially until the track number is found. The variable IDT (NL) containing
NT as the next frack number is replaced by the next track number following NT, and the
variabie in the IDT file corresponding to NT is set equal to zero, Again, NT is set equal
to the track number in the file after the one being dropped.

The subroutines are given in Appendix B.

2.4. Input Data Bank

The basic input data from the radars can be broken into two calegories; radar
measurements and control parameters. The parameters associated with the input data are
listed below. The input data to the SPS-12 will be discussed first. Two smali buffers are

Inpui
Parameters Descripiion
RM12 (K) Range measurement off 8§PS-12, Kih detection
AM12 (K Azimuth measurement off SPS-12, Kth detection
™12 (K) Time of measurement off SPS-12, Kth detection
TAG12 (K) Used in program {0 no correlation, 1 correlation)

(Con’t)
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Input
Parameters Description
RM39 (L) Range measurement off SP8-39, Lth deteciion
AM39 (L) Azimuth measurement off SPS-39, Lth detection
T™M3Q (L) Time of measurement off SPS-39, Lth detection
TAG39 (L) Used in program (0 no correlation, 1 correlation)
EM39 (L) Elevation measurement off SPS-39, Lth detection
MRK12 (D) Time the SPS8-12 crosses the Ith sector
NP12 () Position of pointer in buffer at Ith sector crossing
NB12 (1) Number of detections in buffer in the Ith sector
P123e () Position of SPS-39 when 8PS-12 crosses the Ith sector
12T Sector SPS-12 last crossed
MRK39 (J) Time the SPS-39 crosses the Jth sector
NP39 (J) Position of pointer in buffer at Jth sector crossing
NB12 (J) Number of detections in buffer in the Jth sector
P3912 () Position of 8PS-12 when SPS-39 crosses the Jth sector
I39T Sector SPS-39 last crossed.

external to the computer.

[AS VA AR

On each range sweep of the radar one buffer is accepting daia
on dpfpnhnpc and the other is rpar'hno’ the data accumulated in it dnrmo‘ the nrpmml‘:

sweep. The buffers alternate on each range sweep of the radar, A blnary counter that
counts from K = 0 through 255 is used. Each time the data block RM12 (K), AM12
(K), TM12 (X} is read via a DMA (direct memory access) channel into the computer the
counter is incremented by one. 'The counter total plus some prefixed constant represents
the core location of each detection measurement in the computer, When the counter
reaches 255 the next count goes {o zero, and the counter is recycled. If the tracking
system is working reasonably close behind the radar the data are never written over be-
fore being used. The timing and control parameters are discussed next,

There exist 64 equally spaced azimuth sectors of 5.625°, i.e., I = 1 through 64. As
the radar crosses a sector boundary, five parameters associated with the Ith sector are read
into the computer. The parameters are the time the SPS-12 crossed the Ith sector boundary
MRK12 (I), the value of the binary counter used for addressing the input data NP12 (J),
the number of target reports that occurred in the fth sector NB12 (I}, the position of the
SPS-39 at the sector boundary P1239 (f), and the sector number I12T.

The data for the SPS-39 are read into the computer in the same manner but through
a separate system. All data are read through a daisy-chain priority DMA channel with the
8PS-12 sector information having top priority, followed by SPS-39 sector information,
SPS-12 detection data, and SPS-39 detection data.

The clock used is a 15-bit binary counter that counts every 8 ms. The clock counts
through approximately 4.4 min. before recycling. Nothing in the program is ever referenced
beyond about 1 min in the past, and therefore clock recycling can easily be detected and
compensated for.
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NL = TBXI{i}

™\ ves TBX (1) = 1DT INT)
NL=NT IDT (NT}=0
NT = TBX (1}

NE = 1DT (NL}

NT=NE O NL = NE

/!

N

YES

tDT {NL} = 1DT (NE)|
NT = IDT (NT)
(DT {NEj=0

1

( RETURN )

Fig. 4 — Dropping a track number NR from sector , subroutine TDROP (NT; I}
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The word TAG12 (K) or TAG39 (L) is used in the program to indicate whether the
Kth detection from the SPS-12 or the Lth detection from the SPS-39 correlated with a
track or not. It takes on value zero or one.

2.5. Modulo Arithmetic

The external clock just discussed recycles about every 4.4 min. Every time parameter
in the program is referred to this clock. In addition, the azimuth recycles every 360°. In
order to appropriately handle these conditions in the program, modulo arithmetic is used.
Consider the addition of two numbers A & B. If A ® B is greater than the modulus, the
modulus is subtracted from the sum. For a 15-bit representation of a number, A and B
are both divided by two, then added using a modulus of 14 bits. The result is multiplied
by two to achieve the 15-bit representation. This procedure is required to keep the
machine from overflowing,

In the case of subtraction, A ® B, the result should be small relative to the modulus.
A large result implies a wraparound problem. A large positive result requires the sub-
traction of the modulus, a large negative result requires the addition of the modulus. Since
only positive values are subtracted, overflow is not a problem.

2.6. Other Parametiers

Other parameters used in the program are listed in this section. These include display,
elevation scan, status, program, and dummy parameters. Some of these parameters are
self-explanatory. Others will be described more thoroughly in later sections.

The program-related parameters are as follows.

Parameter Description
112D Sector in which tracks are presently being updated by SPS-12
139D Sector in which tracks are presently being updated by SPS-39
V12 Rotational velocity of SPS-12
V39 Rotational velocity of SPS-39
VRMIN Range velocity for determination of target or clutter
VAMIN Azimuth velocity for determination of target or clutter
TCMAX Time a clutter is kept without an update_
TTMAX Time a track is kept without an update
TTLAG TTMAX + ¢ for modulo clock
TNMAX Time a tentative track is kept without an update
TFIX Time after an initial detection before a decision is made
(Con’t)
9
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Parameter Description
KONST Large number for determining a correiation
CRC Range correlation region size for clutters
CAC Azimuth correlation region size for clutters
CRT (8, 2) Range correlation region size for tracks*
CAT (8, 2, 16) Azimuth correlation region size for tracks*
RALPA (128) Range filter smoothing parameter « {(time)
AALPA (128) Azimuth filter smoothing parameter o (time)
RBETA (128) Range filter smoothing parameter § (time])
ABETA (128) Azimuth fitter smoothing parameter § (time)

*Function of time since last update, whether tentative or firm track, and range (only in azimuth).

The status parameters are

Parameter® Description
ISTA (1) NTARGET, number of farget tracks
ISTA (2) Total number of tracks
ISTA {3) Number of clutier points
ISTA {4) NCATCH, number of times ALPNM is called per scan
{proportional to free processing time)
ISTA (5} I112DEL, present sector lag on SPS-12
ISTA (6) NELEV, number of targets in elevation search
ISTA ('F) ISKIP; 1 indicates that sectors have been skipped on this

*ISTA (8) to ISTA (12) are not presently used.

The alphanumeric parameters ave listed here.

Parameter Deseription
IOPER Operational code specifying request
IPARY Parameter siating information about request
IPAR2 Parameter stating informat on about request
NUM Number of targets that fulfill request
JTAR (32) Track numbers that fulfill request
NHAND Track number of target being handed off to the tracking
radar
ISTART Restart sector if NUM > 32
10
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An elevation search is performed every four scans for the specified target. The
elevation parameters are as follows
Parameter Description
NDESTAR (4) Track numbers of targets designated by radar operator
on present scan for elevation searches on the next scan
IAZIM (16) Eight azimuth-range pairs designated to SPS-39 in order
to perform elevation search
NTARPR (8) Previously designated track numbers on which elevation
searches will be performed on next scan
NCOUNT Number of previously designated targets for which

elevation searches are requested on the next scan

The following are dummy parameters often used in the system.

Parametier Description
RM Measured range of target corresponding to track or clutter
AM Measured azimuth of target corresponding to track or clutter
TH Measured time of detection corresponding to frack or clutter
NDEL 1 Time difference
NDEL 2 Time difference
D Distance from predicted position to nearest detection under
correlation or equal to KONST
DI Distance from predicted position to detection under
correlation
DELR Difference between predicted position and target report
in range
DELA Difference between predicted position and target report
in azimuth
ISECT Sector location
IFLIP 0 or 1, denoting correlation with firm or tentative tracks
The value of the least significant bit for certain parameters are
Parameters Least Significant Bit
Range positions 31.25 ft
Azimuth positions 0.010986°
Range velocity 0.125 fi/s.
Azimuth velocity 0.000244 deg/s.
Time 0.008 s.

11
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29. Smoothing Filtey

A irack is updated by computing a smoothed position and velocity. Then its position
for the next update is computed. The filler used is an o - § filter [4]:

xs (k) = xp (k) + alxm (k) - xp(R)]
(1)
vs (R) = vs (k- 1)+ Blxm(R) - xp(R)]/T1

where
Xp (kR + 1) = x; (k) + v5(k)Ty (computed elsewhere} and
T; = DELT, time between current time and last update,
T9 = time between current time and next update.

The internal parameter names for x; (%), vs {k}, and x, {k + 1} are given on page 4 for
both range and azimuth. The values of o and § are given as a function of time according

. 11 1 rafT
10 the Eq. {4].

oa=1-¢ XM

2)

g=1+ e Kwol1 _ 9 oFwWeT1L gog wgTh

where { and o, are constants, and w; is the damped natural frequency. The values & and
g are stored in tables as a function of Ty, where 7'y is made an integer value using different
stepping intervals for different regions of T;. The parameters used in the routine for & and
g are shown on pages 9 and 10, and the subroutine is shown in Appendix C along with the
values of & and 3 used.

There are several precautionary notes. First, roundoff error and overflow conditions
must be considered in the routine. Second, the azimuth wraparound problem must be

handled.

2.8. Calcuilation of Time Until Next Update

Given that a track has just been updated (or an update has been attempted) with &
detection from the SPS-12, subroutine TME12 (TH, Ts, NT) is called. The subroutine
answers two questions. The first is, at what time does the SPS-12 see the target again?
This is estimated by dividing an azimuth of 360° by the difference between the azimuth
velocity of the radar V12 and the azimuth velocity of the target VAS (NT). This result
is added to current time TH to give the desired result, TTL12 {NT). A similar caleulation
is made when a {rack is being updated with measurements from the SPS-39 in subroutine
TMES9 (TH, T». NT) to obtain TTL39 (NT).

12
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The second question is, How much time T9 will elapse between the current time TH
and the time the next radar has the opportunity to detect the target? In TME12 (TH,
Ts, NT) TTL12 (NT) has just been computed, and TTL.SB (N'T) is known. The current
time is subtracted from both quantities, and the minimium difference is taken as Tg,
defined as the increment in time between the time the target will next be updated and
the current time. The current time TH is approximated by taking the time of the
sector crossing MRK12 (I} for the sector in which the target lies. Similar calculations
are made with TME39 (TH, T3, NT). The routines are shown in Appendix D.

3.0. EXECUTIVE

The executive controls the basic timing of the program and interfaces the program
with some of the external functions. The basic flowchart of the executive is shown in
Fig. 5, and the routine is in Appendix E. When the system is turned on, files are
initiated, and the system waits until the SPS-12 leads the SPS8-39 by between 4 and 40
sectors. Then 112D is sei equal to 12T, I39D is set equal to I39T, and the system jumps
to the starting point in the executive. The valves of I12T and I12D run from O through
63 and represent the last sector crossing of the SPS-12 and the next sector to be updated
on the SPS-12, respectively. If I12DEL = I12T ¢ I12D* is greater than 20 we say the
system is overflowing (processing lagging too far behind the radar). In this case new
update times for each track are computed in the sectors skipped, and the system returns
to the beginning of the executive. This essentially ignores all the data in these sectors;
the tracks are not updated. If I12DEL is less than 5 the program is said to be “caught

up.” Operator requests are accepted, and data are output to the alphanumeric display.
The nnrnmnfnr T12DET. is a2 measure of the prncncmnn‘ laer hehind the radar. The nroc-

TRHILAL, ALlialA L L2110 PRy

essing lag is monitored only for the SPS-12 radar, since 1t is rotating faster than the
SPS-39. The basic timing of the program will be examined next.

First, a simple example: Consider two radars rotating at identical speeds separated
by 180° in azimuth. The ideal manner of processing would be to update simultaneously
tracks separated by 180° with detections from each radar. Because of the sequential
nature of computer processing, simultaneous updating is impossible. Therefore, tracks
are alternately updated with detections from each radar. Now let the radars rotate at
different speeds. If the sector to be next updated by detections from each radar is 112D
for the SPS-12, and 139D for the SPS-39, the sector farthest back in time is updated
first. When the two radars are near each other but not in the sector in which they cross,
this method always keeps the detections that occurred first, updating the tracks before
later detections are considered. In the crossing sector an inversion can occur; that i is,
later detections undate the tracks hefore dpfnohnnq nr'mn'mng anrh::n- do., However -Hn'e

Ay ULLLD

inversion occurs over a very short time interval and in different sectors on a scan-to-scan
basis, If a target is detected on both radars in the crossing sector, both detections are
used to update the track. However, if the filter is carefully examined, the first detection
processed, even if a time inversion has occurred, will be given significant weight. The
second one will be given essenuany zero weight. This does not adversely affect the track
unless the time inversion is long, a situation that is impossible. If a detection occurs on

one radar and not the other or none on either one, the track update is not affected.
*0,0 denotes modulo arithmetic.

13
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Fig. 5 ~ Flowchart of the executive, subroutine

From Fig. 5, the indices of MRK12 (.) and MRKS39 (.) run from 1 to 64 while 112D
and 139D run from 0 to 63. Therefore, it is necessary to add one to 112D and I39D when
computing the time difference IDIF = MRK12 (112D + 1) - MRK39 (139D + 1). The
recycling of the clock is neglected for the moment, and if IDIF >0, detections from the
SPS-39 are used to update tracks in sector 139D, since they oeccurred earlier than those in
sector 112D of the SPS-12. The clock recycling problem is solved as follows. The sector

crossing times MRK12 (I12D + 1) and MRK39 (139D + 1) are fairly close together in real

14
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time, and if the times are on opposite sides of zero on the clock, the magnitude of the
difference is much larger than 16,384.*% By considering the sign on IDIF we can determine
which detections (SPS-12 or SPS-39) occurred earlier in time, in order to choose which
radar will update the tracks next.

Once the radar has been chosen, the clutter routine is called. The clutter routine

from the detector file all detections that correlate with the point clutters. Then, in the
tracking routine, the remaining detections are used to update first the target tracks and

then the tentative tracks in the current sector (112D or I39D). Finally in the track-

initiating routine, all detections in the sector behind the sector counter (I12D ¢ 1 or

139D ¢ 1) that have not correlated with either point clutters, target tracks, or tentative

tracks are used to initiate tentative tracks. The sector counter (112D or I39DD) is incremented,
and the routine returns to the beginning of the executive to determine which sector will

be updated next, and by which radar. In essence, the executive closely updates tracks

with detections occurring sequentially in time.

4.0. CLUTTER MAP

The clutter map, subroutine MAP12, removes from the radar detections associated
with point clutters or slowly moving targets. The flowchart for the clutter map using
detections from the SPS-12 is shown in Fig. 6.

The clutter map operates one sector in advance of the sector location I12D {where
tracks are to be updated), and all detections from the SPS-12 associated with clutter
points are removed before any tracks are updated. The clutter numbers in the clutter
sector files are called up one by one to be updated. The following time differences are
calculated for each clutter point: time since last update by SPS-12, given by MRK12
(112D + 1) - TC12 (NC), and time since last update by SPS-39, given hy MRK12 (112D
+ 1) - TC39 (NC). If both the time differences exceed 40 s, the point clutter is dropped
from the clutter number and sector fileg, and the next clutter number in the sector is
obtained. If the clutter point has been updated by the SPS-12 within the last second,
then it has been updated by the SPS-12 on the current scan of the radar and is being
considered again because it has changed sectors. In this case, the clutter point is ignored
and the next clutter point is obtained. If, as is the usual case, the clutter point has been
recently updated, but not on the current scan of the SPS-12, the clutter number i
presented to the correlation part of the clutter map.

The correlator attempts to correlate each clutter point in sector 112D @ 1 with all
detections in sectors 112D, 112D @ 1, and I12D ® 2. A detection is said to correlate with
a clutter point if the distance DELR, which is the difference between the range to the
clutter point and the range to the detector, is less than some distance CRC and if the
angle DELA, which is the difference between the azimuth angle of the clutter point and
the azimuth angle of the detection, is less than some angle CAC. If the detection does

*The clock recycles every 32,768 counts (215),
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not correlate with the clutter point, the next detection is examined. If the detection does
correlate, the effective distance DI of the detection from the clutter point is calculated

wilitlale, LI BLIRL Lisbadllie 71 Ul uoicedly LIt L L= 0 }

from
DELR\? [DELA\ 2
DI={—— +
CRC CAC
The detection that correlates with clutter and has minimum effective distance is the one
chosen to update the clutter point.

oy otaadd s md Amvualadan czddbl on o aliaddan madaed 3o wmie corad P bl Toiwwae 4 Lo FFrw
A.uy dCtEUtlUll thd.t CULIRldbed wWilkll a Ciuuvel pollls IS Ielnuved L1Ul1 LIe [HPULY RULLer

file as follows: The location of the parameters of the first detection in a sector I is con-
tained in NP12 (I), and the number of detection is contained in NB12 (I). A detection
is removed from the sector by replacing its parameters of range, azimuth, and time by
the parameters of the last valid detection in the sector, and decrementing the contents
of NB12 (/) by one. In this manner all good detections in a sector are listed sequentially
from the core locations of the first detection in the sector through the number of good
detections left.

When a detection updates a clutter, the meagured positions and time of the detection
are stored in RPC (NC), APC (NC), and TC12 (NC). If the clutter changes sectors, the
clutter number is dropped out of the current clutter sector file and reinserted in the
correct sector file. Whether a clutter point is updated or not, after all good detections
have been examined, the next clutter number is obtained for processing. After all clutter
points lying in this sector 112D @ 1 have been processed, the routine attempts to update
tracks in sector I12D. The flow diagram for MAP39 is identical except that detections
from the SPS-39 are used to update the clutter points.

In summary, the clutter file stores the locations of the point clutters or slowly
moving targets and removes the detection from the radars associated with them. If too
long a time has elapsed between updates the clutter point is dropped. The subroutines
MAP12 and MAP39 are shown in Appendix F. Note the handling of the wraparound
problem with the clock and in azimuth.

5.0. TRACK UPDATING

The tracks are updated in routines TRK12 and TRK39. The flow diagram for track
updating by using detections from the SPS-12 is shown in Fig. 7.

A track number is obtained from the track sector files, and a filtering process takes
place. First, all tentative tracks [KT (NT) = 1] are skipped until all target tracks [KT
(NT) = 0] are processed; the tentative tracks are processed on a second pass through the
track sector files. Second, all tracks whose predicted time of updating [TTL12 (NT)] is
more than 1.2 away from the time of the sector crossing [MRK12 (I12D)] are skipped,
on the assumption that they have just been updated on the current scan and have been
obtained for processing because they have changed sectors. The track is now ready for
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correlation. The correlator is similar to the clutter correlator described previously. The
correlator attempts to correlate each track in sector 112D with all detections remaining
in sectors 112D ¢ 1, 112D, 112D # 1, and 112D # 2. A detection is said to correlate
with a track if the distance DELR (lpredicted track range minus detection rangel) is less
than the distance CRT (., .), and if the angle DELA (Ipredicted track azimuth minus
detection azimuthl) is less than CAT (., ., .). CRT (., .) is a function of the time since
last update of this track and whether the track is tentative or a target, and CAT (., ., .)
is a function of time, whether ithe track is tentative or a target, and the range to the
predicted track. If the detection does not correlate with the track, the next detection is
examined. If the detection does correlate with the track, the effective distance DI of the
detection is calculated from

_(DELE_\? _( DELA \?
CRT (., .) CAT (., ., )} ~
Each detection that correlates with a track is indicated by setting TAGI12 (.) equal

to one. After all detections have been processed with a track, the detection with the
minimum effective distance is used to update the track, and that detection is dropped
from the detection files. Any other detections that correlate with the track remain in the
detection files to update other tracks but cannot be used to initiate new tracks. When a
track is updated, subroutine FILTR (Sec. 2.7 and Appendix C) is entered, and the smoothed

track parameters are generated. Then subroutine TME12 (Sec. 2.8 and Appendix D) is
entered, and the elapsed time until the next opportunity to update this track is calculated.

This time is used in conjunction with the smoothed position parameters and velocities to gen-

erate the predicted positions of the track at the next opportunity to update. If the motion
of the track places the track in another sector, the track number is removed from the cur-
rent sector of the track files and is inserted in the appropriate sector. If the track being
updated is tentative, the elasped time since initiation of the track is checked, If this time
is less than 16 s, the track is checked for a sector change, and the next track is obtained,

If the time is more than 16 s, the filter has had time to settie down, and the
smoothed velocity is assumed accurate enough to differentiate between target and clutter

peints. If the smoothed velocity is low cuGusu Wmsc velocity of 60 knots, azimuth

velocity of 0.2 deg/s) the tentative track is placed in the clutter map (if unused clutter
numbers exist). Fast-moving tentative tracks are confirmed as target tracks by setting
KT (NT) equal to zero. Again the predicted position is checked for a sector change, and
the next track is obtained for processing.

If a track does not correlate with any detection, the disposition of the track depends
on the type of track and the time since it was last updated. The time of the next op-

portunity to update is calculated. If the difference between this time and the time of

the last llnﬂn‘hn is grnnfor than 17 s for a tentative track or An s f ‘an a -F—nvgat t"aC}\, the track
is dropped by removing the track number from the track number files. If the time since
the last update is small the track is “coasted” i.e., the predicted position at the time of

the next update is calculated using the smoothed parameters at the time of the last up-
date. The track is checked for a sector change, and the next track number is obtained.

The tracking part of the program is terminated after all tracks in the sector have been
processed.
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The routine TREK39 is aimost identical to TRK12. It uses detections from the SPS-
39 rather than the SPS-12. No filter is used in elevation, and the last measured elevation
is stored. Every cight scans the routine checks the range velocity of a target track by
using the current range and the range eight scans previously and decides if the target track
is a point clutter. The display information is set in TRK39.

In summary, tracks are designated as target tracks or tenfative tracks. No track is
allowed te be updated by the same radar more than once in a scan. No detection is
allowed to update more than one track, and any detection which correlates with any
track is not allowed to initiate a new frack. When a frack is associated with a detection,
the track is updated and its position is predicted ahead to the time of the next opportunity
to update the track. When a detection does not correlate with the track, the track is not
updated; however, its position is still predicted ahead to the time of the next opportunity
to update. The subroutines TRK12 and TRK3Q are shown in Appendix G.

6.0. TRACK INITIATION

After all the clutter points and tracks have been updated with the detections, the
remaining detections are used to initiate new tracks. The flow diagram for initiating
tracks from the detections from the SPS-12 radar is shown in Fig. 8.

Tracks are initiated one sector behind the sector in which tracks are updated. This
ensures that all tracks have been updated before the remaining detections are used for |
initiating tracks. Each detection remaining in this sector is obiained from the input data
bank. The detection is checked to see if it has ever been correlated with a track by
looking at TAGL12 {.). If it has, no action is taken. If it has not, a track is initiated, if
track numbers are available,

A track is initiated by assigning a track number, seiting the predicted and smoothed
positions equal to the detection positions, and setting the velocities equal to zera. The
track is made a tentative track and placed in the sector it was detected in. All times
except the ones described below are set equal to the time of detection. The value of
TT392 (NT) is set TTLAG seconds behind the {ime of detection to indicate that the SPS-
39 radar has not yet updated the track., The times TTL12 (NT) and TTL39 (NT), which
denote the next time each radar will see the target, are set.

In summary, one sector behind the sector of track updates, NEW12 initiates tracks
for detections which have never been correlated. NEW39 performs the same operation
with detections left from SPS-39 radar. The subroutines NEW12 and NEW39 are shown
in Appendix H.

7.0. ALPHANUMERIC DISPLAY

Data requests for the alphanumeric display are processed by subroutine ALPNM.
This routine is called by EXCUT on an available-time basis, i.e., when all available tracks
four sectors behind the radar have been processed. The general operation of ALPNM is
described in Sec. 7.1, and the specific operator requests are described in Sec. 7.2.
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7.1. Generai Operation

The radar operator enters three parameters (IOPER, IPARI, and IPARZ2) via a DMA
channel. IOPER is presently a number between 0 and 7 specifying a request, and IPAR1
and IPARZ2 are parameters stating information about the reguest. After the reguest has
been processed IOPER is set to -1, NUM is the number of data words that fulfull the
request, and JTAR {32) represents the output data words. JTAR contains either six
target parameters for a specified target or the track numbers that fulfill a request. It
should be noted that inside the computer, track numbers run 1 to 256, whereas on the
outside {display) they run © to 255. H more than 32 numbers fulfill a request, NUM is
set to 255 and ISTART is set to an appropriate value so that the remaining track numbers
can be given when the operator repeats his request.

Approximately every half second the display equipment interrogates the location
IOPER to see if it has been reset to -1, signifying completion. When a -1 is found, the

appropriate values, NUM and JTAR (.), are read via a DMA. The detailed operating of
the display equipment will be presented in a forthcoming report.

7.2, Operator Requesis

The appropriate parameters for the different operator requests are given in the fol-
lowing list.

IOPER = O Target handoff
TIPAR1 = track number
IPARZ = 1 means end handoff request
IOPER = 1 List targets within an azimuth interval
IPAR] = first azimuth
IPAR2 = second azimuth
IOPER = 2 List targets inside or outside a designated range
IPAR1 = range
IPAR2 = 1 (inside) or Z (outside)

IOPER = 8 List target parameters
IPARI = track number

IOPER = 4 List all targets
IOPER = 5 List tentative tracks

10OPER = 6 List high-closing-velocity targets
IPARL = velocity

IOPER = 7 List targets under elevation search
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The output parameters for IOPER = 0 or 3 are

NUM = 6

JTAR (1) = smooth range

JTAR (2) = smooth azimuth

JTAR (3) = elevation

JTAR (4) = last update time

JTAR (5) = smooth range velocity
JTAR (6) = smooth azimuth velocity.

The output parameters for all other requests are

NUM = numbey of tracks
JTAR (1) = track number

JTAR (NUM) = track number,

All searches are performed by searching through all sectors using the track map TBX (.)
and the track indicator IDT (.).

8.0. ELEVATION SEARCHES

Azimuth angles at which the SPS-39 will perform elevation scans are calculated by
subroutine ELEV. Subroutine ELEV is called by EXCUT once per scan of the SPS-39,
approximately when the SPS-39 crosses its 61st azimuth sector. When the SPS-39 goes
through 0°, azimuth-range pairs for elevation scans are written via a DMA from the com-
puter into a shift register. The radar azimuth converter is compared to the designated
azimuth. When the two are equal, four elevation scans are performed (this covers approx-
imately 7° of azimuth), and detections are made in a range interval centered at the

designated range. There can be as many as eight designated azimuths per scan.

8.1. Designated Targets

Elevation scans are performed on two types of targets: those the operator has just
designated and those that have been previously designated. The operator either designates
new targets or drops old targets by entering coded track numbers into NDESTAR (4).
The eight least significant bits represent the track number, and the ninth hitis 1 if a
target is newly designated and 0 if a target is to be dropped. If a target number NT is
designated, NT is stored in NTEMP {(.), and TF (NT) is set to 4. NTEMP (.) is a storage
area for the track numbers on which elevation scans are to be performed, and TF (.) is
a counter that indicates how many SPS-39 scans occur before the next elevation scan on

this target. Every time one attempts to update a target in TRK39, TF (.) is decreased by

bo
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1 until it equals 1. When TF (NT) equals 1, TF (NT} is set back fo 4, NCOUNT is in-
creased by 1, and NT is stored in NTARPR (NCOUNT), which is an array of targets
previously designated,.

As an example, assume that there are INUM targets newly designated and NCOUNT
targets previously designated. If (INUM + NCOUNT) < 8, all track numbers are stored

famdn RIMTPRAD e J RTOAOT TR 2 TE ATRITTRA 3 RISWOETIATS ~ Ll TRTTIRN o
INW0 (N L OOVIE a0 INGAUUIN L I8 sef LU 0. If (LINUNVL T INUUUNL ) -~ D, LI [INUILVE IIeWIy

designated and the first (8 - INUM) previously designated targets are stored in NTEMP
(.). NCOUNT is reset 1o INUM + NCOUNT - 8, and the unused previously designated
targets are stored in the first NCOUNT locations of NTARPR (.). Then the updaie times
on the next scan of the SPS-39 are found for each target; these times are used to calculate
the predicted positions of the targets using Eq. (1). Approximately 3° is subtracted from,
ail the predicted azimuths. These new azimuths now represent the angles where the
elevation scans will begin, The azimuths are next ordered and the range-azimuth pairs

for each target are stored in consecutive locations of IAZIM {.}. If fewer than eight

targets are degignated on z scan. the rest of the array ig filled with zeros, Thig arravy is
uu-l-s\-ruﬂ u-l-‘-l u\rl".s ACLULLL Wil O D‘/u-ll VILY, LWJUu Wl Ui “-'-‘“J AT LLLEAL FYITRE Al iy E- L) “ll\v e

used by the 8PS-39 to perform the desired elevation scan. e detailed operation of the
hardware will be described in a separate report.

8.2. Status Parameters

Since subroutine ELEV is called once and only once per scan, this routine provides
a convenient place for setting the status parameters. These parameters are given on page

10 and arse colf.aovnlonntors
AW IV AT DUl Uﬁylallubul‘y .

9.0. MONTE CARLO SIMULATION

To test the tracking logic and to obtain an estitnate of the processing time, &
computer simulation was written to generate radar data, i.e., range, azimuth, and time
estimates for clutter points and targets. The simulation that generates radar data on tape
is described in Secs. 9.1 to 9.4, the resuits of operating the tracking logic against two sets
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9.1. Generation of Clutter Points

There are N, clutter points, distributed uniformly in azimuth, Ninety percent
of the clutter points lie between b and 32 n.mi., and the remainder lie between 32 and
92 n.mi, In each interval, the range is uniformly distributed. Eighty percent of the
clutter points can be detected by both radaxs, 10% can be detected only by the SPS-39.

Mathematically, the statistical nature of the clutter points can be generated using 2
uniform random-number generator that generates a number [7 between ¢ and 1. In the
following discussion each U will represent a new random number. The azimuth of the
target in degrees is
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A; =360 U; ;. (3)
The range in nautical miles is
S 30 Ujg + 2 Uia > 0.1
Ri - J ()
? 600 U;o + 32 Uig < 0.1.

Finally, let C;32 and C;3g indicate whether the SPS-12 and SPS-39 radars, respectively,
can detect the clutter points. That is,

Cizz2 =1land Cj39 =1 if 00< U;3<0.8
Ciz2 =1 and Cj39 =0 if 0.8< U;j3<0.9 (5)
Ci12 = 0and Cj39 =1 if 09< Ug <10

where 1 is a detection and 0 is not a detection.

9.2. Generation of Targets

There are N7 targets, distributed uniformly inside a circle whose radius 18 Rmyax.
Eighty percent of the targets can be detected by both radars, 10% only by the SPS-12,
and 10% only by the SPS-39. The speed of the targets is uniformly distributed between
500 and 1500 ft/s, and the heading is uniformly distributed in 360°

Mathematically, the target’s initial coordinates are

x=(1- 2Ui1) Bmax

(6)
¥i = (1 - 2Uig) Rmnax
when '
2 2 2
Riyax =X+ (7)

If Eq. (7) is violated, new U;; and Ujo are chosen so that Eq. (7) is true. Tj;9 and
Ti3g are equivalent to Cjjo and C;j3g and are given by an expression similar to Eq. (5).
The x and y velocities are given by

VX; = V; cos (0;) (8)
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where
V; = 500 + 1000 U;3

8; = 360 Uiy

On every new scan of the SPS-39, the range of each target is calculated.

Rpjax, it is replaced by a target with the following parameters:

x=Rcosa

¥y =Rsina

where
R =75 + 30 Uy (in nautical miles)
a« = 360 Ug (in degrees);

and

VX =Vecosd

VY = Vsin b
where

Vv = 500 + 1000 Uy
6 =0+ 180° + 14(1 - 2Uy).

These parameters specify a target entering the detection region.

9.3. Initialization of Times and Radars
The scan times of the two radars are randomized, so that

S19 = 5.8 + 0.4

Sag = 7.8 + 0.4U5.

9}

{10}

If it exceeds

(11)

(12)

(13}

(14)

(15)

The radars consequently have asynchronous rotation rates. The initial positions of both
radars are randomly set to one of 64 sector crossings. The times and angles are defined

as follows:

T is the present time
Ty9 is the time of the next sector crossing of the 8PS-12

26




NRL REPORT 7841

T3 is the time of the next sector crossing of the SPS-39
812 is the present position of the SPS-12

o emmaoa macitian Af tha QDQ. 20O
0'39 j.b l:l.lt: pl.t:m:u\; PUSLUIULL UL LIS Ol 07J o,

Initially,
T=0
Tig = S19/64
T3g9 = S39/64
(16)
f19 = 360 K19/64
639 = 360 Kgg9/64
where K15 and Kgg are integers uniformly distributed between 0 and 63.
9.4. Generation of Data
Data are generated sector by sector. First, time is incremented by
a = minimum (T4, Tyg) - T amn
so that the present time is
T = minimum (T19, T3g), (18)

nnd tha vodas
ana uwie raqar

n+ a
are also upda dso that th

in avae O:,5 4+ 280N Q. - nn.-l a0 T
LULD ale 12 7 o0u—/0]jg dlild UV oy
e

A et
new positions are X; + A(VX;) and Y; + A(VY;).

Without loss of generality, let us assume that 7= T12. That is, radar detections will
be generated for the SPS-12 in the azimuth interval

812 - 1.5 to 612 - 1.5 - 360/64. (19)

The 1.5° corresponds to the lag associated with threshold crossing procedures for esti-
mating azimuth position [1].

9.4.1. Detection of Clutter Points — First of all, the computer program searches
through the clutter file to find all the clutter points in the interval defined by Eq. (17).
For each point in the interval, C; 13 is examined, and if the SPS-12 can detect the point,
a random number U is generated and compared to P,, the probability of detecting a
clutter point. If U > P, the clutter point is not detected on this scan, and the next
point is processed. On the other hand, if U < P,, the clutter point is detected; and range
azimuth, and time measurements are generated. The range measurement is generated

2
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by adding a Gaussian random variable, whose standard deviation is 0.3 of a range resolution
cell C;/2 to the range of the clutter point and then quantizing the result into an integral
number of range resolution cells. That is

C 2R;
Ry, ='—£—[Max Int(c‘+0.3 af)] , (20)

T

where g; is a Gaussian random variable with mean 0 and variance 1. Since C,/2 = 500 ft
for the 8PS-12, and 1 binary in the computer corresponds to 81.25 ft, 16 X Ry would
correspond to the measured range that would be transferred to the tracking comptuer. In
a similar manner, the measured azimuth is

By =0, + 0.3 (21)

and the azimuth sent to the computer is

8 Max Int [21%¢,,/360] (22)

where g; is again a gaussian random variable with mean 0 and variance 1, and 860° corre-
sponds to 215, The time is given by

(010 - 044055

Ty =T- 560 (23)
and the time transferred to the computer is
Max Int [7,,/0.0081 modulo 21° (24)

where 1 bit of time corresponds to 8 ms.

9.4.2. Detection of Targets — The generation of target data is similar to the gen-
eration of clutter data except for two minor differences;

1. If the target range is less than 5 n.mi. or greater than Ry, .., the target is not
detected.

2. The random number U is compared to P, the probability of detecting a target,
instead of to P,.

9.4.3. Bookkeeping Data — At the SPS-12 sector crossing, the following five book-
keeping variables are also caleulated:

1. Radar: 12

2. Present sector: Max Int [64615/360]
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3. Time: Max Int [7/0.008] modulo 215
4. Position of other radar: 8 Max Int [2128 39/360]
5. Number of detections: Np.

Item 5 is used to generate NP12 and NB12, and ifem 1 is used to indicate which radar is
generating detections. In the actual system item 1 is not required, since the DMAs store
the data from the two radars at different locations in core memory.

9.5. Monte Carlo Resu

The tracking algorithm was programed in Fortran on the CDC 3800 computer and
the Nova 800 minicomputer. The CDC 3800 was used to check the logic and to obtain
a very accurate timing of the system. Two cases were examined: a low-target-density
case and a medium-target-density case.

9.5.1. Low Target Density — In this simulation the following parameters were used:

N, = 40 clutter points

Np = 10 targets

P, = (.95 probability of detecting clutters
Py = (.90 probability of detecting targets
Rpax = 106 nmi.

In Fig. 9, the number of tentative tracks, target tracks, and clutters per scan of the SPS-
12 are shown. On the first quarter of the SP-12’s scan (a scan is counted each time the
radar rotates through 0°), 12 tentative {racks are established. After the first full scan,

56 tentative tracks are established. More than 50 tracks (40 clutters plus 10 targets) are
established, because in crossing sectors (the SPS-12 passing the SPS-39) two tracks are
established on new detections. This problem can be avoided by choosing the starting
time so that the radars do not cross on the initial scan. Since 16 s is the earliest that
tentative tracks can be changed into clutters or targets, the number of tentative tracks

is not reduced until the fourth scan. Then the number of tentative tracks is reduced
sharply. By the sixth scan, 30 clutter points have been correctly identified as clutter,
and 9 targets have been correctly identified. On the other hand, one target has been
identified as clutter, and nine bogus tracks have been established. The incorrectly iden-
tified target is at a range of 97 n.mi., traveling at a speed of 700 ft/s. However, since

the target is traveling perpendicular to the radial vector, its radial speed is only 10 ft/s,
and its azimuthal speed is 0.06 deg/s. Thus, because of its low apparent speed the target
is placed in the clutter file. The bogus tracks are caused by the fluctuating point clutters.
During the tentative track phase, the correlation regions are large so that high-speed
targets can be tracked. Consequently, when a point clutter fades and another one appears,
a correlation is made, a high velocity is developed, and the track is declared a target.
These bogus tracks either are not updated and are dropped after 40 s (for instance, two
targets are dropped on scan 11), or are updated by a clutter point and become stationary.
The latter tracks aré removed by comparing the smoothed range every eight scans of the
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SPS-39. If the target has moved less than 3000 ft, it is fransferred to the clutter file.
According to Fig. 9, targets are transferred on scans 9, 10, and 20 of the SPS-12. Finally,
on scan 21, a target goes beyond Rpax, and a new target enters the area. This new target
is declared a target on scan 24, and the old target is dropped on scan 26.
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Fig. 9 — Number of tracks (clutter points, fargets, and tentative tracks)
vs seans of the SPS-12; low target density

The computation time on the CDC 3800 is shown in Fig. 10. The times were mea-
sured very accurately with the CDC 3800 time function. The startup times, scans 3 to
&, are large because al! detections are ai first assumed o be targets and consequently
require track computations, which are more time-consuming than clutter updates. The
steady-state computation time is approximately 140 ms.

The computation time on the Nova 800 is more difficult to obtain, since the real-

" time clock counts only in seconds. Consequently, the total computation time was found
for 16 scans, and the computation time was assumed to be proportional to the computation
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time of the CDC 3800 on a scan basis. Specifically, the Nova required approximately 21
s to process 16 scans and is 8.4 times slower than the CDC 3800.
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Fig. 10 — Computation time per scan of the SPS-12; low target density

N = 100 clutter points

= 5( targets
P. = 0.95 probability of detecting clutters
Py = 0.90 probability of detecting targets
Rmax = 106 n.mi.

"‘ﬁ
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12 are shown Again, approximately 26% of the clutters are initially classified as targets.
However, most of these bogus targets are eliminated on the eighth scan of the SPS-39.
Thus steady state is approached on the eleventh scan of the SPS-12.
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Fig. 11 — Number of tracks {clutter points, targets, and tentative
tracks) ve scans of the SPS-12; medium target density

The processing time is shown in Fig. 12. The Nova 800 is 9.0 times siower than the
CDC 3800. The largest processing time for the Nova occurs on the fourth scan. The
processing time is 4.7 s, which is very close to the scan time of 6 s. 1f there were about
200 detections per scan, the processing would start lagging behind and sectors could be
skipped. However, since the steady-state processing time is below & s, steady state would
eventually be reached.

9.6. Conclusions

From the simulations on the Nova 800, it appears that the tracking program written
in Foriran is fast enough to handle tracking loads that one would expect at CBD. Thus,
the time and effort required to program the fracking sysfem in assembly language can be
avoided. Of course, the program would run several times faster if written in assembly
language.
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Fig. 12 — Computation time per scan of the SPS-12; medium target density

The tracks that have been declared targets should not be considered *““firm’’ tracks

until ey have pabseu the movement test that is perxormea every Elgﬂtﬂ scan of Ene

SPS-39. There is nof presently anything in the program called a “firm track,” but it
probably will be added.

10.0. SUMMARY

The tracking system, designed to track targets using detections from two asychron-

ously scanning radars in close proximity, differs from previous single-radar tracking systems
in timing, filter update, track initiation, and the use of detections from two radars.

The system is timed with respect to a single clock located outside the computer.
Every detection is associated with a time of occurence. In addition, the time of each
sector crossing for each radar is sent to the computer. The ideal way of processing the
detections is to operate on them sequentially in time. However, the system operates on
small azimuth sectors sequentially in time. The detections in the sector located farthest

back in time is always operated on first. Thus, detections from one radar in a sector are
operated on. This procedure causes very little difficulty.
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Since the detections are updating the tracks at nonuniform time intérvals, filter co-

efficients are varied according to the elapsed time between detections. The predicted
position is computed using the intervai between the time the next radar will be over the
target and the current time. This interval is nonuniform from one update to the next.

A track is initiated on detections that do not correlate with anything. After a period

of time has passed {which allows the filter to settle) a decision is made on what to do
with the new track.

A Fortran program was written for this system and simulated on the Nova 800. It

was found that it took about 3 s to process 160 point clutters and 50 targets.
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TRACK AND CLUTTER NUMBER FILES
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'SUBROUTINE CLTNOQ(NGs, DROPC)

COMMON/CNO/ LISTC(256),NEXTC,LASTC, FULLC, I 12DEL

INTEGER FULLC,» DROPC

IF(DROPC) 28,149, 20

129 LISTCCLASTC)=NG
LISTC(NC)=2
LASTC=NG
FULLC = FULLC+!
RETURY

2@ NC=NEXTC
NELTC=LISTCI(NG?

4% FULLC = FULLC-1

3@ LISTCCNC)=512
RETURN
END

*VS5XTE%




19

28

40
34a

¥ *

NRL REPORT 7841

SUBROUTINE TRKNO(NT, DROPT)
COMMON/ TNO/LISTT(256) s NEXTTs LASTT, FULLT
INTEGER FULLT, DROPT
IF(DROPT> 20, 182,27

LISTT(LASTT)=NT

LISTTC(NT)=@

LASTT=NT

FULLT = FULLT+1

RETURN

NT=NEXTT

NEXTT=LISTT(NT)

FULLT = FULLT-|

LISTT(NT)Y = 512

RETURN

END
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SUBROUTINE TNEWJC(NT-I)
COMMON/ TFILE/ TBX(64),1DT(256)

INTEN oD TOY
LW i L LD 100

NL = TBX{I)
TBX(1) = NT
IDT(NT) = NL
RETURN

=ND THEW

SUBRQUTINE TDROP(NT. 1)

COMMON/TFILE/ TBX(64),1DT(256)
INTEGER TBX

NL=TBX(12

IF(NL-NT) 2d,13,28

TBACII=IDT(ND

IDT(NTY=0

NT = TBX(I) .

RETURN

NE=I1DT(NL)

IF(NT-NE) 30, 43, 30

NL=NE

GO TO 24

IDT(NLO)=IDT(NE)

NT = IDT(NT)

IDT(NE)=2

RETURN

END

40




Appendix C
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SUBROUTINE FILTR¢R1, &M DELT,NT)
COMMON/ TPAR2/ RSC 256) s ASC256), VASC256)
COMMON/ TPARL/ RPT( 256>, APT( 256, ESC 256) 5 VRS( 2561 0UTC 25624 1 STAC 12)

CoOMMON/ TPAR7/ RALPAC 128); AALPAC 1233, RBETAC 128), ABETAC 123)
INTEGER RALPA, AALPA, RBETA, ABETA, DEL T, DEL TQ, RM. 84
INTESER RPT, APT, RSs 45, VRS, VAS, ES, QUT
C--~---TIME GAP FUNCTION OF ALPHA-BETA TABLES.

"'DELT@ = DELT/20 + 1
IF¢(DELTR-64> 18, 16, 2
2 DELTQ = (DELT+I1268)/48 + 1
IF(DELTQ-96) (@, 1@, 4
4 DELTQ = (DELT+5868>/88 + 1}
IF(DELTQ-128) 18, 18,6
6 DELTQ = {28
4096 FT/SEC=2%%15
i COUNT = 31.25 FEET.

8 DEG/SEC = 2%%15
358 DEG = 24%15
1 COUNT = 8 S
18 K=RM-RPT(NT)
RS(NTI=RPT(NTY>+( RALPA( DELTQI¥K)/ 32
1T = AM~APT(NTY ~
ITS = IABS(ITY .
IFCITS-16384) 40, 40, 28
2@ ITS = 328767-1TS

LFCIT.LT« 3 GO TO 38

aQaao

1T = <iTS
G0 To 48
3¢ 1T = 1ITS

43 CONTINVE
M=APT(NT)/ 2+ (AALPA(DELTRI*IT)/ 64
IF (M-163847 42, 45, 45
42 IF (M) 43, 58, 5@
43 M=M+16334
GO T4 52
45 M=M-16384
58 ASINTI>=M+M
IF (DELT-10@) 103,608, 63
66 IF (DELT-348) 70.74.80@
78 VRS(NTI=VRS(NTY+ 1824 {{3%RBETA(DEL T %K 3/ DELT)
i VASINTY=VASC(NTI+ 224 ( (S*ABRETA( DELT@) % T) /DELT)
GO T0 ieg ‘
88 VRS(NT)=VRS(NTI+244%x((RBETA(DELTQ %K)/ {DELT/ 43}
VAS(NTISVAS(NTI+ 44k ( ( ABRTACDEL TR *I T/ (DELT/ 4))
180 CONTINUE ’
RETURN
END
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SUBROUTINE TMEIS(TH, T-IG.NT

COMMON/VEL/ V12,V39

COMMONZ TPARZ/ RSC256), ASC256), VAS(256)

COMMON/ TPARS/ TT12( 2563, TT39¢256), TTL 12¢ 2567, TTL39(256), TT(256)
INMTEGER V12,V39., T, TH, BS: AS, VAS

INTEGER TTi2, TTR0, TTL12, TTL39, TT

iN e g faia SF A AT F & Ak A S L ALAITF A

KT12=232767/CCVI2=-VAS(NTI/Z 223/ 250
M=TH/ 2+KTI3/2
IFT (B~-16384) 20, 19,10

1 M=M~16384

2@  TTLIS(NTY>=M+M
T = TTL39C¢(NT) -~ TH
IF(IABS(TY»GT. [6384) T = 32767+7T
IFCT.LT.0) T = &
IF(TSATKTI2Y T = KTI2
RETURN
END

SUBROUTINE TAEII(TH, T IG.a D)

CaAMQN/ VELY VIiZ, V39

COMMoN/ TRAR2/ RS(256), AS(256), VAS{ 2563

COMMON/ TPARI/ TTI2( 2563, TT33(256), TTLIZ2C(E25631, TTL39( 2561, TT{256)
INTEGER V12,39, T, TH. RS, AS:}VAS
INTEGER TT12,TT39, TTL 12, TTL39, TT

KXT39=32767/({V33-VAS(ITY/22) /250>

A=TA/ 2+ LTI/ 2

IF (M-16334> 22,13, 1@

M=~ 16334

TTL3FCATI= 4+

T = TTL12¢NT) - TH
IF(TABS(Tr»GT« 16334 T = 32767+T
IF(T.LT. 2 T = @

RETURNY

END

(S ]
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SUBROUTINE EXCUT

COMMON/ALP/IPARI, IPAR2, IOPER, NUM,JTAR( 32),NHAND, I START, NCATCH
COMMON/ ELE/ NDESTARC4),IAZIM(16),NTARPR(3)>,NCOUNT

COMMON/KON/ KONST

COMMON/DAT12/RM12(256), AM12(256), TM12(2563, TAG12(256)
COMMON/IN12/MRK 12¢64),NP12(64),NB12(64),P1239(64),P12168(64),112T
COMMON/DAT39/ RM39(256), AM39(256), TM39(256), TAG39(256), M39(256)
COMMON/IN39/ MRKI9(64).NPIF(64),NB39(64),P3912(64),P3918¢(64),13%T

COMMON/VEL/ V12, V30
coMMON/ SECT/ 112D,139D
COMMON/ CL T/ RPC( 256), APC(256), TC12(256), TC39(256)

£ 2B 1Y DAL 2 TN AV ALY
COMMON/ CPARL/ TOMAX,-TCLAG, CRC, CAC

COMMON/ CFIL E/CBX( 64),IDC(256)
COMMON/CNQOZ LISTC(256)NEXTC.LASTC. F1

WA LBLBWARS WAV - e W -, AY e B S b > a -u-——

COMMON/ TFIL E/ TBX( 64>, I DT(256)
COMMON/ TNO/LISTT(256) ,NEXTT,LASTT, FULLT

COMMON/ TPARI/ RPT(256), APT(256), ESC(256), VRS5(256),0UT(256>, ISTAC12)

C-I12DH,

COMMON/ TPAR2/RS(256), AS(256), VAS( 256>

COMMON/ TPAR3/ TT12(256), TT39(256), TTL 12(256), TTL39(256), TT(256)
COMMON/ TPAR4/KT(256), TF(256), NTARGET,NELEV, I SKIP

COMMON/ TPARS/ CRT(8, 2), CAT(8, 2, 163, TTMAX, TTL AG

COMMON/ TPAR6/ VRMIN, VAMIN, TNMAX, TFIX'

COMMON/ TPAR7/7 RALPA( 128), AALPA( 128), RBETA( 1283, ABETAC 128)
COMMON/ TPARS/NR(256)>,NMOD

COMMON/BUF/IBUF(32),111(C18883),NST

INTEGER
INTEGER

INTEGER

INTEGER

TMTI'.‘F R
A LAJ By

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

CBX’
RM12, AM12, TM12. TAGL2
9

wa "y T o
RM3%, AM39, TM 39, TAG3

Via2,v3se

D192Q. PDPI1O1A
Lo =21 gF B all S A o )

P3912,P3910
RPC, APC, TC12, TC39

TCMAX, TCLAG, CRC» CAC

OUT, CRT, CAT, TTMAX, TTLAG

FULL Cs DROPC

FULLT, DROPT °

RAL PA, AAL PA, RBETA, ABETA

TF ‘

TBX

DELT, T, VRMIN, VAMIN, TNMAX, TFIX'
TT12, TT39, TTL 12, TTL39, TT

RPT, APT, RS, AS, VRS, VAS, ES

Y |

20
F Ll I7

ACCEPT "REAL(8) OR SIMULATED(1) DATA.
IFCIREAL) 308 383, 301 |
I1.= [12T-139T

IFC11)> 319, 320, 320

I1.= 64+I1

IFCII~4) 308, 333,330

IF(1l-43) 342. 303, 330

112D = 11i2T

139D = 139T

GO To 1

ACCEPT "INPUT FIRST SCAN PRINTED OUT.
ACCEPT “INPUT NUWMBER QF SECTORS READ.
NS5T=10420

*» I REAL

", JSCAN
“»NSEC
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497
498

499
Se1

431
482
410
420

a40

445
458
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CALL GTDA
ria27=1120D
I39T=139D

112C = 9

139C
ISCAN=3
IELEV = 2

i n

HOW MANY SECTORS ARE WE LAGGIMG BEHIND

I112DEL=112T-112D

ICK = IABSC(I39T-61)

LFCICK=1) 646,77

IFCIELEVY 7,666,717

gaLl, ELEV -

IELEV = 1

IFCII2DEL) 8,9.,9

112DE, = I12DEL + 64
IF(II2DE.~20) 18,10, 4
IFCIREAL)Y 45, 45, 44

WRITE 12,53

FORMAT (1H@ " LAGGING BEHIND MORE THAN 12 SECTORS™
CONTINUE

Id = I39T - 15

IFCIJY 497,497, 498

IJd = IJ+84

NDEL = MRKJI9CI39T+ 1)-MRK39¢IJ)
IF(NDEL) 499, 501, 5@1

NDEL = NDEL+ 32767

V39 = 320868/(NDE./16) + 3%(V39/ 4
I3%C = 8

IJ = 112T-15

IFCIJ) 597,597, 598

IJ & I1J+64

NDEL = MRKI2(I 12T+ 1)~-MBK12C¢1)
IF(NDEL) 599,681,681

NDEL = NDEL+32787

Vi2 = 32800/(NDEL/16) + 3%(V12/4)
I1l2C = 8

15128=32767/¢Vi2/25M
I839=32767/7(V39/25®
IEND=I{3D+I 12DE.-4

DO 440 I=XI12D,IEND

K=1+1. '

IF (KX-64). 482, 482, 481

K=K~ 64

NT=TBX(K) -

IF (NTY aad, 4408, 424
TTLIZ2C(NT)=TTL12¢(NT)+] 512
NT=IDT(NT) ’

GO TO 419

CONTINUE

IF (K=64) . 45@, 445, 445

K=0

112D=K
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I39DEL=[39T-139D
IF (I39DEL) 451, 452,452
451 139DEL=I39DEL+64
452 1END=139D+]39DEL-4
DO 49@ I=I39D,1END
K=I+1
IF (K-64) 462, 462, 461
461 K=K~64
462 NT=TBX(K)
47@ IF (NT) 49@, 490, 438
488 TTLIS(NTI=TTL3S(NTI+IS39
NT=1DT(NT)
GO TO 470
498 CONTINUE
IF (K-64) 496,495,495
495 K=0
496 139D=K
18 IF (112DEL~S) 2,3@, 30
2 CALL ALPNM
NCATGH=NCATGH+ !
IF (IREAL) 5,5, 46

HAVE PROCESSED ALL DATA
READ IN NS3SEC ADDITIONAL SECTORS

46 IF(NST.LT.886) GO TQ !1
CALL GTDA~

11 CONTINUE
DO 29 I=1,NSEC
CaLL SHIFT( S

* I s e T TS Polr &Y

iF {i1BUF({13-28> 13,283,208

..,.
™

DATA FROM SPS-12

aaaq

13 II=IBUF(2)
Ii2T=11~+!
MEKIZCIIY=IBUF(3)
P1239(I1) = 1BUF(4)
I1TAR=IBUF( 5
NBI2(I1)=ITAR
Jd = 1I-1
IF(JJ.EGe @ JJF = 16
N=NP12(JIY+ITAR
IF (N=256) tiastllstitl
111 N=N-256
112 NPIZ2{I1I)=N
IF (1TAR.Ed. @) G0 TO 29
N=3kITAR
CALL SHIFT(ND
15 NS=NPI12(JJ) + |
DO 16 J=1-1TAR
N3=NS+ 1
IF{NS. EQ. 2572 NS = |
RMI2(NSY=ZIBUF(I>
AM12(N3S)=1IBUF(J+I TAR})
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T™12(NS)=LBUF(J+2%I TAR)
CONTINUE
GO TO 29

DATA FROM S5P5-39

1I=1BUF(2)
I139T=11~1
MRK39CILI=IBUF( 3}
P3912¢11>» = IBUF(4
ITAR=IBUF( 5)
NB3I9(II>=ITAR

dd = II~1

IF(JJ.EQe B) JJ = 16
N=NP3IF9(JJ)+ITAR

IF (N-256) 212,211,211
N=N-256

NP39(¢II>=N

IF ¢(ITAR. EQ-G) G0 TO 29
N=3%1ITAR

CALL SHIFT(N)
NS=NP39(JJ) + 1

DO 26 J=1,ITAR

NS=NS+1

IF(NS. EQ.257) NS = 1
RM39(NS)<IBUF(J)
AM39(NS)=1BUF(J+ITAR)
TM39(NS)=IBUF(J+2%I TAR)
CONTINUE

CONTINUE

M

uy 1u S

DECI SION AS TO WHAT RADAR SECTOR TO UPDATE

IDIF = MRK12(I12D+1) - MRK39(I39D+ 1)
IDIFA=IABS(IDIF) ’

IF (IDIFA~16384> 31,31, 40

IF (IDIF) 68,60.80

IF (IDIF> 83,60,60

UPDATE 5P5~12

IF C(Il2D) 65,61,65

IF (IQPER) 65,62, 65

CALL ALPNM

Iia2g = 112C-1

IFt1120) 73,66.73

I4 = 112T7T-7

IF(IJ) 67.,67,68

Id = IJ+64

NDEL = MBKIZ2¢CII12T+1)-MRK12¢IJ)
IF(NDEL) 69,72,72

NDR = AOTARTiIN NI
AW AT s WSl P TLY LA

vig = 160@@/(NDE’L/8)+7*(V12/8)
112 = 8
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73 CONTINUE
~ CALL MaPl2
CALL TrKIZ
CALL NEW12
It2p=112D+}
IF ¢(112D-64% 5,768,768
78 112D=4
ISCAN = 1SCaN+1}
IPRT = MOD(I SCAN,JSCAN)
IF (IREaL) S5:5,71
71 I[FCIPRT.NE.@ GO TOo 5
’ WRITE ¢ [3:, 5&)
56 FORMATC(IND>
WRITE (18, 51) V12, V39,NEXTC,LASTC, I 5CaN
51 FORMAT(™ V12 "L6,M VI = 16,7,

I * NELTC ¥ 14, LASTC = ", 14,% SCAN = "I}
WRITE (14:, 57) '
57 FORMAT(IX,/," S5CaN RPT APT RS as"
I P - VRS Vas TTiz2" /" TT3® TTula2™
2 2" TTL 39 TT KT TF NR™)

DO 555 I=1,256
IF (KTC(I1.).GT. 18> GO TO 555
55 WRITE (18, [58) I:RPT(I):APT(VI): RS(I): ASCI) . VRSCEI» VASCIY, TTI2(ID,

1 TT3I(I) TTL12C1), TTL39C1)» TTCLI),KTC(I)5 TFC(I)sNRCID

555 CONTINUE '

15@ FORMATCL 4, V192771957
80 T0 5 '

UPDATE 5PS5-39

8@ IF ¢139D) 85,81.,85
81 1HELEV=F
NMO D=NMOD+ |
IF (NMOD-8) 85,682,865
82 NMOD=0O
85 139G = [39¢C-1
IF(I39CY 93,865,923
86 1J = 139T~7
IF(ISY B7,87,88
87 Id = 1J+64
88 NDEL = MRBK3?CIL 39T+ L)-MRK39(1J)
IF{NDELY 89.92,92 ’
89 NDEL = 32767+NDEL
92 V39 = 168408/ (NDEL/8X+Tx(V39/8)
I139C = 8
93 CONTINUE
Call. MAP32
CaLL THK39
CaALlL, NEW39
I39D=139D+
IF (139D-64) 5,909,906
g 139D=9
GO TO 5
D
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SUBROUTINE MAPL2

COMMON/KON/ XKONST

COMMON/DATIZ2/RI12C 2567, AM12¢ 2565, TM 122563, TAB12¢256)
COMMONZIN12/MBK 120 64), NP12(64)> NB12¢(64), PI239(64Y, PI1Z210¢ 643, L 12T
COMMON/VEL/ V12, V39 ‘

COMMON/ CPARL/ TCMAX. TCLAGs CRC» CAC

COMMON/ CLT/RPC( 2565, APE( 256>, TC12( 2563, TC32( 256)
COMMON/ CNO/ LISTCC(258).NEXTC, LASTC: FULLS: I 12DE.
COMMON/CFILE/CBX( 64), I DCC 2562
COMMON/ SECT/ I112D,139D
INTEGER FULLC, DROPC
INTEGER CBX
INTEGER RM12,aM12, TM12, TAGL2
INTEGER VIZ2., V39
INTEGER Pl239.P12142
INTEGER RPC, APC,»TC12, TC3%
INTEGER TCHMAX, TCLAGs CRC, CAC
INTEGER Dy DI
INTEGER DELR, DELA, TH» RM, AM
iR = 12D + 2
IFCIR-64) 5. 5,2
id = IH-64
NC=CBX{IH)
CONTINUE
IF(NG): 10, 1000, 10
NBEL] = MRKIZ2¢IHY - TC12(NOG)
IF(NDEL ) 28, 88, 33
NDEL {=32767+NDE. 1
IF(NDEL i~ {50) 288,980, 48
IF(NDEL 1-TCMAX) 204, 2843, 50
NDELZ = MRK12(IH) - TC39(NO?
IF(NDEL2) 68,288,749
NDELZ = 32767 + NDE.2
IF(NDEL2-TCMAX) 20d,2280,80
CALL CLTNO(NC, 2
GALL CDROP(NG,IH)
G0 TO 15
J=9
D=KONST
IF(J=-2) 229,228, 408
JK = LI2D +J +1
IF'(JI{- 64) 222, 222; 221

= JK-64
J = g+l
JB=NPI2¢JK) + 1

K=1

IF(K-NBI2¢(JK)) 233, 239, 218
DELR = IABS{RM12¢(JB) ~ RPC{(NCM)
IF(DELR=-CRCY 240,248, 36¢
DELA = TABS{(AMIZ2(JBY ~ APCI(NC))
IF(DELA~16384) 246, 244, 244

DELA = 32767-DELA ‘
CONTINUE

IF{DELA~CAC) 258, 25%, 349

NDI = 64%«DELR/CRC
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ND2 = 64%DELA/CAC

NDI=NDI1*NDI

ND2=ND2%N D2

DI=NDI1+ND2

_IF(DI~D) 269,268,273
260 RM=RMI2(JB)

aM=pM12¢(JB)

e T 1 A TTIN
A= Al L NI LS

~ D=D1
278 JT=NPI2(JK)-NB12C(JK) + 2
T IF(JT). 280, 280, 290
2808 JTSJT+256
290 RM12(JB)=RM12¢JT)
AM12CJBI=AM12¢JT)
T™MI2¢(JB)=TM12¢JT)
NB12C¢JK)=NB12¢JK)~ |
GO TO 225
360 K=K+1
JB=JB~1
IFCJBY 318,310, 320
318 JB=JB+256
320 GO TO 225
400 LFCD-KONST) 410,968,920
410 RPG(NC)=RM
APC(NCY=AM
TC12¢(NC)=TH
ISECT = aM/512+1
IFCISECT-IN) 428,900, 428
42@ NS = NG
CALL CDROP(NC, IH)
CALL CNEM(NS, 1 SECT)
GO TO 15
988 NG=IDG(NC)
GO TO IS
10868 CONTINUE
RETURN
END

b3
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SUBROUTINE MAP39
COMMON/KXON/ KONST

a2 !JI’J-\J‘JL 2548y

COMMON/DATIS/ MI39{2565, AM35( 2565, TM39{ 25565, TAG3G{258)
COMMON/IN39/MR{39(64),NP39(64),NB39¢64),P3912¢ 643, P30 18¢64>,1I35T

COMMON/VELY V12, VY39
COMMON/ CPARI/ TOMAX: TCLAG- CRC, CAC
COMMON/ CLT/RPC( 25635 APC(256): TCL12(256), TC39( 2562

COIMMOA 7 M7 LISTC{ 258 ; NEXTC, LASTS, FULLS, 1 12D
WS VAVAATIN S WA S L I AN Q-JU}J W Eh LU lalo d UF T UlalaUF & isuu..

COMMON/ CFIL E/ CBX{ 64) » 1 DC( 256)

COMMON/ SECT/ 112D, 139D
INTEGER FULLC, DROPG
INTEGER CBX
INTEGER RM39, AM39, TM39
INTEGER V12, V39
INTEGER P3912, P3910
INTEGER RPC, APC, TC12, TC39
INTEGER TCMAXs TCLAG, CRC, CAC

INTEaARR
WY AT Ll

TARIG .
L 3 i R

F sl

Rno
0

-

n. N1t
INTEGER DELH, DELA, TH, R, A
Id = 139D+2
IFCIH-64) 5, 5,2
IH = IH-864
NC=CBX{TH:

CONTINUE
IF(NC) 10, 1808, 10

NDEL1 = MRKI9CIH) = TG39(NC)
IF(NDEL1) - 20, 38, 38

MDEL 1= 327 67+NDEL 1
IFCNDEL1-152) 920,900, 40
IF(NDEL1-TGMAX) 200, 2008, 50
NDEL2 = MRHI9C(IHY-TCI2(NC)
IF(NDEL2) 60, 200,70

NDEL2 = 32767 + NDEL2
IF(NDEL 2~ TCHAX) 2080, 200,808
CALL CLTNO(NC, 8)

CALL CDROP(NC, LH)

6o TO 15

J=g

D=KON ST

IFCJ-2) 228 220, 402

JK = 139Dvd+ 1

IFCJK=64) “222, 222, 221

?J!& = dﬂ"b‘l

= J+1
JB=NP39(JK) + 1
x=1 . .
IF(K-NB39{JK>) 239,230,213
DE.R = IABS(MI3®{JB) - RPC(NGY

LF(DELR-GRCY 248, 249, 3848

DELA = TABSCAM39¢JIB) - APC(NEY)Y:
IF(DELA- [6384) 246, 244, 244
DELA = 32767-DE.A

CONTINUE

IF(DELA-CAD) 258, 253, 34@

NDI = 64%xDELR/GRC

4l
fya
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ND2 = 64%DELA/GAG’
NDI1=NDI%NDI
- N D2=N D2#N D2
i DI=ND1+N D2
IF(DI-D) . 268, 268, 270
2068 RM=RM39(JB)
AM=AM 39 (JB)
TH=TM39 (JB)
D=DI
270 JT=NP39(JK)-NB39(JK) + 2
" IF(JT) 280,280, 290
288 JT=JT+256
298 RM39(JB)=RM39¢JT)
AM39(JB)=AM39CJT)
TM39 (JB)=TM39¢JT)
NB39 (JK) =NB39 (JK) - |
EM39C¢JB) = EM39¢JT)
GO TO 225
308 K=K+ 1
JB=JB- 1
IF(JBY 318,310, 320
318 JB=JB+256
406 IF(D-KONST) 419,900,900
41¢ RPC(NC)=RM
APCCNGC) =AM
TC39(NC)=TH
ISECT = AM/512+1
IFCISECT-IH) 428,980, 428
42@ NS = NC
CALL GDROP(NGCs I
CALL CNEW(NS, I SECT)
GO TO 15
988 NC=IDC(NC)
GO TO IS
1866 CONTINUE
RETURN
END

H)
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SUBROUTINE TRK12
COMMON/ TEST/1SECT,NT>M, IH

COMMON/ELE/ NDESTAR(4), TAZIMC 16),NTARPR(S)~.NCOUNT ‘

COMMON/ AL P/I PAR1, I PARZ, I0PER, NUM, JTARC 32), NHAND, I START, NCATCH
COMMON/KON/ KONST
COMMON/DATI2/RM12( 2558, AM 122563, TM12¢256), TAG12¢ 256
COMMON/IN12/MRK 12¢ 64) ., NP12(64),NB12(64)5 P1239¢64), P1210¢64),112T
COMMON/ SEGT/ 112D,139D

COMMON/ CPARI/ TCMAX: TCLAGs CRCs CAC

COMMON/ CL T/RPC(256), APC{ 2563, TC12¢ 2563, TC39¢256) .

COMMON/ CFILE/CBX( 64, I DC(256) '

COMMON/CNO/ LISTCC256),NEXTCsLASTCs FULLG, I 1 2DEL

COMMON/VELZ V1£2,V39

COMMON/ TFIL E/ TBX{ 64, I DT¢ 256)

COMMON/ TNO/LISTT¢ 2563, NEXTT,LASTT, FULLT

COMMON/ TPARI/ RPT( 2563, APT(256), ES(256), VRS(256),0UT¢ 256), I STAC 1 2)

COMMON/ TPAR2/ RS5¢(256), AS5(256), VAS(256)
COMMON/ TPAR3/ TT12¢256), TT39( 2560, TTL12(256), TTL39(256)» TT( 256)
GOMMON/ TPAR4/KT(256); TF(256) ,NTARGET, NELEV, I SKIP
COMMON/ TPARS/ GRT(8s 2)» CAT(8, 2, 163, TTMAX, TTL AG
COMMON/ TPARG/ VRMIN, VAMIN, TNMAX: TFIX' '

INTEGER RM12, AM12, TM12, TAGL2

INTEGER V12,V39

INTEGER P1239.P1218

INTEGER RPT, APT, RS, AS, VRS, VAS, ES

INTEGER 0OUT, CRT. €AT. TTMAX, TTL AG

INTEGER D, DI, RQ» DEL R, DEL A, TH, RM,» AM

INTEGER TTi2, TT39, TTL 12, TTL 39, TT

INTEGER DELT, T» VRMIN, VAMIN, TNMAX, TFIX'

INTEGER FULLT, BROPT

INTEGER TB{

INTEGER TF

INTEGER TCMAX. TCLAG» CRCs CAC

INTEGER FULLC, DROPC
INTEGER RP{; APC; TC12, TCRQ

L B = b g a4 Wi FiE WF AN LG

INTEGER CBX’

IH=I12D+ 1]

IFLIP=0

NT=TBX{I1H)

CONTINUE

IF(NTY 18,1058, 1@
IF(KT(NT>~IFLIPY 10043, 20, 1280
NDEL 1=IABSCMEKI12CIH)~TTL 12(NTY)
IF(NDEL 1-16384) 40, 33, 30

NDEL 1=32767-NDEL 1
IF(NDELI-134) 58;58,1278
NDEL2=] ARS(MRK 12CIH)=TT(NTY)
IF(NDEL2-16384) 70@,60,60
NDE.2=32767-NDEL 2
NDEL2=NDELZ2/625+ 1

IF(NDEL2-8) 90,898,843

NDEL2=8

RAQ=RPT(NT)/ 2848+ 1
JCRT=CRT(NDEL 2, IFLIP+ 1)
JCAT=CAT(NDEL 2, IFLIP¥ |, RQ)
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IF (J¥-64) 222,222,221
JH=JK- 564

G0 TO 224

IF (JK> 223,223,224

JK=04

J=J+ 1

JB=NPI2(JK} + |

K=1

IF(K-NBI2(JK}) 230,230,218

ML PoT AT/ IO 1Dy  DDTLAT
LALAa i L ROy Ll LN lAF 7T Lke AN l}}

IF(DELR-JGRT) 240, 303, 300
DELA=IABS(AMI2¢(JIB)~APT(NT)>
IF(DELA-16384) 260,250, 250
DELA = 32767-DELA
CONTINUE =~
IF(DE.A-JCAT) 27d. 3003, 300
WD {=(63%#DERY/JCRT
ND2=(63%DELAY/JCAT
NDi=NDI+ND!} '
ND2=ND2%N D2

DI=NDI+ND2

TAG12¢(IBY=1

IF(DI-D} 283,289, 380
JCALL=JB

JSECT=JK

D = DI

K=K+ 1

JB=JdB-1

IF¢JBY 318,318,225
JB=JB+ 256

GO TO 2285

IF(D-KONST) 413,808,880
BM=RM 1 2(JCALL)
Ad=aMi2(JCaLL)
TH=TM12(JCALL)
JT=NP12(JSECT)-NBI2(JSECT>+2
IFCJITY 420, 420, 430
JT=2256+JT
RMIZKJCALLI=RI12¢(JT
AM12(JCALLY=AM I 2CJT)
T™MI12(JCALLY=THI2{(JT)
TAG12¢JCALL)Y = TAGIZ2¢JT)
TAS12{JT) = &
NBI2(JSECTI=NBIZ(JSECTI-1
DEL.T=1ABSCTH=-TTC(NTY )
IF(DELT-16384) 528,518,512
DELT=32767-DELT

CONTINUE

CALL FILTR(RM, AM, DELT.NT)
TT{NTY=TH

TTiZ2(NT)=TH

b8
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TH = MRBRKI2¢IHD

CALL TMEIZ(TH-Ts IH,NT)
KK=C(C(T/ 18 ¢ VRS(NTI/ 1253/ 25
RPT(NT) = RS(NTY + KK
KE=(T/ 32y (VAS(NTY/ 187)

M = ASCNTY/ 4 + KX/4

TE AT 10Oy 0 gEo1. a7
4 F VNITO L7 47 Jailr Jawd Jad

S21 IF (MY 522, 524. 524
522 M=M+81922
GO TO 524
523 M=M-8192
524  APTC(NT)=4%M
ISECT=M/128+1
IF CIFLIP) 602, 525, 640
525 IF (NT-NHAND) 538,526, 539
526 CALL ALPNM
53@ IFCISECT-IH) 548, 12080, 540
549 NS = NT ~
CalLl, TDROP(NT,IH)
caLl, TNEW(NSs ISECT)
GQ TQ 15
6% DELT=IABS{TH =TF(NTY)
IF(DELT-16384) 628,610,610
6103 DELT=32767~DH.T
62@ IF(DE.T-TFIX) 533, 533, 630
639 IF(IABS(VRS(NTY) -~ VRMIN) 640,678,670
640 IF(IABSC(VASCNTY) - VAMIN) 693,670,670
679 KT(NTI=0
TF(NTI=
NTARGET=NTARGET+ I
G0 TO 539
699 IFCFULLCY 729,729,739
T8 CALL CLTNO(NG, 1)
RPCCNC)Y=RE(NT)
APC(NCY=AS(NT)
TCl2¢{NC)=TH
TC3ISCNCI=TT39(NT)
caLl, CMEJ(NG: ISECT)
7280 CALL TRKNO(NT, @)

QUT(NT)==1

KT(NT)=63

CALL TDROP(NT,IH)

GO TO 15
c
C---~=-NO GCORELLATION WITH THIS TRACK..
c

8¢8 CONTINUE
TH = MRHLiE2CIH)
DELT=TH~TT(NT)
IF (DELT) 879,883,889
878 DELT=32767+DELT
838@ CONTINUE
CALL TMEIZ2¢TH, T+ IH,NT)
T=T+DELT
IF (IFLIP) 983,399,504
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898 1IF (T-TTMAX) 891,391,483

938 IF {(T-TNMAI» 218,518,722
839 NTARGET=NTARGET-1
GO0 To 724 ’
891 KTARG = TH~TTi2(NT}
IF(KTARG) 881,882,882
B3 HTARG = 32767 + KTARG
882 IF(KTARG-TTHMAX) 885,855,883
833 TTI2(NTY = TH-TTLAG
IF{TTI2{NT)Y 884,885,888
884 TTI2NTY .= 32767 + TTIS(NT)
B85 CONTINUE o
Q18 KK=((T/4BI+{VRS{NTI/148))/6
RPT(NT} = RS(NTY) + KK ’
RKR={T/ 5@y« {VASI{NTY/ 112}
M =ASINTY 74 + KR/4
IFT (M=8192) 921,923,923
921 IF (M) 922,924,924
o223 =M+E 122
G0 TO $24
323 M=M-3192
924 I1S5ECT=M/ 128+
APT(NT)=4%M
IF(ISECT-1H) 540, 1890, 549
1200 NT=IDTI(NTY
go TQ 15
i3858 IFCIFLIPY 1193, 1660, 11028
1860 IFLIP =
GO TO S5
1879 CONTINUE
TOM=MRKLIZ(IH)/ 2+ 328T76T/¢V12/ 1257
1F Cl‘iéiﬁSS-’J} 127% 1871, 187TL
1971 M=M=-1564354
1875 TTLI2(NTY =4+
TONT = IDT(NT)
60 TO 157
1139 CONTINUE
RETURN
ED

60




NRL REPORT 7841

-~

SUBROUTINZ TRK 39

COMMON/ALP/IPARI]1,IPARZ, IOPER, NUM,»JTAR(32),NHAND, I START,NCATCH
MadrEMnt 7 T 11 AT OTADS? /oy *T ATT AL § LN AT AT OF AT /A T T

UULILIUL‘/ L. L NUULOIADN Q2 LAZILIYEIN LGN LTRARFONOJ 2N LU UN |

COMMON/KON/ KONST

r'nhﬂﬂn”/nAT'!D/ ancf DAY, AARIQC DAY, TMIQYr OKAY. TAMRTIQ Y DSANY M0 r DOKA)

WL AN e MEDTN QI I RN ITINGUIUIF A0 TNCIUIF LR ITN\NAIOrF Ll I7 N & dU)

COMMON/ SECT/ 112D,139D

COMMON/ CPAR1/ TCMAX, TCLAG, CRCs CAC

COMMAON/ IN39/MRK39(64),NP39(64),NB39(64),P3912(64),P39108(64),139T
COMMON/ CLT/RPC(256), APC(256), TC12(256), TC39(256)
COMMON/CFILE/CBX(64),IDC(256)

COMMON/CNO/ LISTC(256),NEXTC,LASTC, FULLC,112DE.

COMMON/VEL/ V12,V39

COMMON/ TFILE/ TBX(64),1DT(256)

COMMON/ TNO/L1STT(256) ,NEXTT,LASTT, FULLT

CO‘*IMON/ TPARI/ RPT(256), APT(256), ES(256), VR5(256), OUT( 256): ISTACL12)

COMMON/ TPAR2/ R5(256), AS(256), VAS(256)

COMMON/ TPAR3/ TTi2(256), TT39(256), TTL1i2(256), TTL39(256), TT(258)
COMMON/ TPAR4/KT(256), TF(256),NTARGET,NELEV, I SKI P

AN FTTDIADIC YD O 1 £ AL AW - T AN
UULIL’IUNI AR WDVL\ D 41) UHIKOJ G) 1075 1 1T01AA2 L llbAG

COMMON/ TPAR6/ VRMIN, VAMIN, TNMAX, TFIX

FnM\anI’I‘DADR I’\IQI D';A‘\ 5 M\dn D

WL dddWiN /s a4 a AbY Lo WS

INTEGER RM39, aM 39, TM39, TAG39., E439
INTEGER V12, V39

INTEGER P3912,P3910

INTEGER RPT, APT, RS, AS, VRS, VAS, ES
INTEGER OUT, CRT, CAT, TTMAX, TTLAG
INTEGER D, DI» RQ, DELR, DEL A, TH, RM, AM
INTEGER TT12, TT39, TTL12, TTL39, TT
INTEGER DELT, T, VEMIN, VAMIN, TNMAX, TFIX
INTEGER FULLT, DROPT

INTEGER TBX

INTEGER TF

INTEGER TGCHMAX, TCLAG, CRC, CAC
INTEGER FULLC., DROPC

INTEGER RPC, APC, TC12, TC39

T Ay eVt TN TN

dN T Ln LDA

IH=139D+1

IFLIP=8

NT=TBX(IH)

CONTINUE

IFCNT) 10,1059, 10

10 IFCKT(NT)~-IFLIP) 10800, 23, 18020

20 NDEL1=I1ABS(MRKX39CIHY~-TTL39(NT))
IF(NDEL1-16384) 4@, 39, 3¢

30 NDE.1=32767-NDEL 1

40 IF(NDEL1-15@) 5@, 59, 1970

5@ NDEL2=IABS(MRK39(CIH)~TT(NT))
IF(NDEL2-16384) 70,60, 60

6@ NDEL2=32767-NDEL2

76 NDEL2=NDEL2/625+ |

'~ IF(NDH.2-3) 903,806,880

80 NDEL2=8§

eastf R B S

[
w0

e}
G

DN TIT F A YT F Ve Wite]

RA=RPTI(NT)/ 2048+ 1
JCRT=CRT(NDEL2, IFLIP+ 1)
JCAT=CAT(NDEL?2, IFLIDP+ |, RQ)
(PR V¥ W I NAY SAda Ly A X Lka L I T L JF IS
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J=8
D=KQONST
218 1F{J-3) 220,220, 480
220 JK=139D+dJ
: IF (JK-64) 222,222,221
221 JK=JK-64
G0 TO 224
222 IF (JK> 223,223,224
223 JK=64.
224 J=J+1
JB=NP39CJK) + |
K=1
225 IF(H-NBI{(JK>> 238,238 218
230 DELRSIABS(RMIS(JBI-RPT(NT))
IF{DELR=-JCRT) 248, 388, 288
247 DELA=IABS(AM3FCJIBI-APT(NT) )
IF(DELA~16384) 2460, 250, 254
252 DHE.A = J2767~DELA
269 CONTINUE
IF{DELA-JCAT) 272,398, 382
278 NDI=(63#DELRY/JCRT
" ND2={63%DELAYZ?JCAT
NDi=NDI*ND:
ND2=ND2xND2
RI=NDI+ND2
TAG3I9(JBY=1
IF(DI-D) 284,288, 342
288 JCALL=JB
JSECT=J¥
D= DI
396 K=K+ |
JdB=JB=1"
IF(JB) 319,318,225
318 JB=JB+ 256
GO TO 225
498 IF(D-KONST) 410,880,580
416 BM=RM39(JCALL>
aM=aM 39 (JCALL)
ES(NT)=EM39{JCALL)
TH=TM39¢JCALLY
JT=NP3IIC(JSECT)-NB39(JSECT)+2
IFCITY 428, 428, 430
420 JT=256+JT
430 RM30(JCALLY=AM39(JT)
AM39CJCALLY=AM39CJIT)
EM39(JCALLY=EM39{JT)
TM3I(JCALLY=TM39CJT)
TAG3F(JCALLY = TAGIOC(JTY
TAGIS(STY = B
NBIF(JSECT)=NB3IF(JSECTY~ 1]
DELT=] ABS¢TH-TT{(NT)>
IF¢(DELT~16384) 523,518, 510
S51@ DELT=32767-DELT
S28 CONTINUE
CALL FILTRCRM, &M, DELT,NT)
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521
522

523
524

525
526

sa7
523
529
531
532

533
534

535
536

538
539
541

539
543

634

610
624a
633
643
674

685
630
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TT(NTY=TH

TT39(NT»=TH

T™H = MRK39(1H)

caLl, TME39¢TH, Ts IH,NT?
KK=¢C(T/ 1@ *(VRS(NTY/ 12533725
RPT(NT> = RS(NT) + KK
K=( T/ 32)*%(VAS(NT)/ 187)
M = AS(NTY/4 + KK/4

IF (M=-8192) 521,523, 523
IF (M) 522, 524, 524
M=M+3192

GO0 TQ S24

M=M-8192

APT(NTY=4%M

ISECT=M/ 128+ 1

IF (IFLIPY 684,525, 609
QUT(NTI=24576

SET OUT
KTARG=TH-TTI12¢(NT)

IF (KTARG) 527,528, 528
K TARG=K TARG+ 327 67

"IF (KTARG-TTMAX) 531,531,529

QUT(NTY=8192

IF (NT-NHAND) 533,532,533
QUT(NTY=0UT(NT)+ 1824

CALL ALPNM

IF (TF(NT>) 539, 539, 534
OUT(NTY=0UT(NT>+512

IF (TF(NT)=-1) 535, 535,533
IF (NCOUNT-8)> 536, 539, 539
NCOUNT=NCOUNT+ |
NTARPR(NCOUNTY=NT
TF(NTY=5

TF(NT) = TF(NTY-1

IF (NAOD) 539, 541, 530

IF (IABSC(RS(NTI-NR(NT})+LT.97> GO TO 685
NR(NTY=RS(NT)

IF(ISECT-1IH) 544,139%, 549

NS = NT

CALL TDROP(NT, IH)

CaLL TNEW(NS,ISECT)

GO TO 15

DELT=I ABS(TH ~TF(NTY)
IFCDELT-16334) 620,610,618
DELT=32767~-DELT

IFC(DELT-TFIX) 538, 539,639
IF(IABSC(VRS(NT)) - VRIIN) 64d, 670,670
IFCIA3SCVAS(NTY)Y ~ VAMIND 690,673, 610
KT(NT)=0

TF(NT)=8

NTARGET=NTARGET+ 1

GO TO 532 '

NTARGET=NTARGET- |

IF(FULLC) 720,720,733

TRANSFER OF A TRACK TO THE CLUTTER FILE
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743 CalL CLTNO(NC, 1)
RPC(NCY=R3¢NT>
APCC(NCY=ASC(NT)
TCI2(NCI=TTIS(NTy
CALL. CNEW(NC,ISECT)

) DROP A TRACK

T2d CALL TREKNGC(NT, 93

' KT(NTY=63
CUT{NT=-1
CALL TDROP(NT.IH?»

G0 TD 15
c

830 CONTINUE
TH = MRL39(1H)
DELT=TH=-TT(NT)

IF (DELT) 87d,830,884%

879 PE.T=32767+DELT

830 CONTINUE
call, TME39(TH, T, IH-NT)
T=T+DHELT
IF (IFLIP) 904,898,989

Bg@ IF (T-TTvaY)y 891,891,889
908 IF (T-THMAX) 914,914,728
882 NTARGET=NTARGET-!
GO TO 728
831 QUT(NTY=245%76
KTARG = TH~TT3IF{(NTY
IF(KTARGY 881,882,882

881 KTARG = 32767 + KTARG

882 IF(KTARG-TTMAX) 885,885,883

883 TT3IB(NT = TH-TTLAG
QUT(NTI=16384

TNFTTANLNITA Y OQ b @ C
AF N FEITFANLIIG Q0SS 00 JAr
+

E_Q
~r 2
B84 TT39(NTJ = 32767 + TT3
885 CONTINUE
910 KK=C(T/4B %« (VRS(NTY/ 1483376
RPT(NT) = RS(NT) + KK '
KK=(T/ 533 % VAS(NTY/ 112)
M = AS(NTI/4 + RR/4
IF (M~8192) 921,923,923
921 IF (MY 988,924,924
922 M=aM+§192
GO TO 924
923 M=M-8192
924  APT(NT) = 4xM
1SECT=M/ 128+ 1
IF (IFLLP) 530, 526, 530
1202 NT=1DT(NT)
G0 TO 15
1050 IFCIFLIP) 1188, 18606, 1104
18648 IFLIP = I
G0 TO 5

=
2

g
FLNTY
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CONTINUE
M=IR{39C(IH)Y/ 2+ 32767/(V33/12D)
IF (M-16334) 1375,1071, 1071
M=M-163%4

TTL 39 (NTIY=M+M

NT = IDT(NT)

GO TO 15

CONTINUE

RETURN

END
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8@
90
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21
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SUBROUTINE NEW12

COMMON/DATI2/RI12(256), AMI1I2(256), TMI2(256), TAG12( 256>
COMMON/INI2/HMRK 120 64),NP12(64),NB12¢64),P1239¢64),P1218¢64),112T
COMMON/VEL/S V12,V39 '

COMMON/ TFILE/ TBX( 64), IDT(256)

COMMON/ TNO/LI STT(256) ) NEXTT,LASTT, FULLT

COMMON/ SECT/ 112D,I39D

COMMON/ TPARL/ RPT( 256>, APT(256), ES(256), VRS(256),0UT(256), I STAC12)

COMMON/TPARZ2/ RS(256)5 A5(256), VAS(256)
COMMON/ TPAR3/ TT12(25632, TT39( 2563, TTL12(256), TTL39(256), TT(256)
COMMON/ TPAR4A/KT(256), TF(256) s NTARGET, NELEV, I SKIP
COMMON/ TPARS/ CRT(8, 2)5 CAT(8, 2, 16), TTMAC TTLAG
COMMON/ TPARS/NR(256),N40D

INTEGER P1239,P1210

INTEGER QUT, £RT» CAT, TTHMAX, TTLAG

INTEGER TF

INTEGER RMI12, 4112, TM12, TAGL2

INTEGER V12, V39

INTEGER RPT, APT, R3s AS, VRS, VAS, ES

‘INTEGER TT12, TT39, TTL12, TTL3%, TT

INTEGER FULLT, DROPT

INTEGER TBX
IH=112D
IFCIHY 18, 10,29
IH=64
JB=NPIZ2(IHY + 1
K=1 ’
IF(K~NBI2(IH)) 6% 60,223
IF(TAG12¢(JBY) 78,883,706
TAG12(JdB)=0
GO TO 128
IF (FULLT) 1282, 128,90
CALL TRKNOC(NT. 1)
KR=RM12¢JBY
Ha=AaM12(JB)
RPT(NTY=XR
RS(NT)=KR

NR(NT)=KR

APT(NTY=KaA

AS(NTY=KAa

ES(NTY=03

VRS(NT»=9

VAS(NT)=0Q

NTIM=TMI2(JB) :
M=NTIM/ 2+ 327T67T/(Vi2/ 125
IF (M~-16384) 94,93,93
M=M~16334

TTL [2¢(NT)=M+M
TTI12¢(NTY=NTIM
TT(NT)=NTIM

TF(NT)=NTIM

TT39¢(NT) = NTIM - TTLAG

TFCTTI9CNTYY 91,922,928

TTIP(NTY = 32767+ TT33(NT)
CONTINUE '

87




CANTRELL, TRUNK, AND WILSON

11=({HA-P1239¢I1:#>)/2
IF CIIV 95,96,96
95 II=Il+16334
96 I1=11/¢V39/258)
LI=II+NTIM/2
IF ¢II-163%4) 98,97,37
97 II=II-[6384
99 TTL39(NT)=IL+1l.
KT(NTY=1 .
I SECT=KA/ 512+ 1]
CALL THEW(NT,ISECT
188 K=K+l
JB=JB~ 1
IF(JBY 152,150, 58
15 JB=JBt+ 258
80 TO 58
29% CONTINUE
RETURN
mD

68




18
28
59
68
19

ga
9@
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94
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SUBROUTINE NEW39

COMMON/ DAT39/ RM39(256), AM33( 2563, TM39(256), TAG32(256), EM39(256)
COMMON/INJ39/MRK39(64),NP39¢64),NB39(64),P3912(64), P39108(64>,139T
COMMON/ VEL/ V12, V39

COMMON/ TFILE/ TBX{64), 1 DT(256)

COMMON/ TNO/LISTT(256) . NEXTT>LASTT, FULLT

COMMON/ SECT/ I12D,139D

COMMON/ TPARL/ RPT( 256), APT(256), ES(256), VRS(256),0UT(255), I S5TACI2)

COMMON/ TPAR2/ RS( 2562, AS(256), VAS(25&)
COMMON/ TPARS3/ TT12( 2563, TT39(255), TTL12¢(256), TTL33( 2562, TT(256)
COMMON/ TPARA/KT(256), TF(256), NTARGET, NELEV, I SKIP
COMMON/ TPARS/ CRT( &> 2)5 CAT(8, 25 16), TTMAX, TTL AG
COMMON/ TPARS/NR( 2565 NG D
INTEGER P3912,P39183
INTEGER OUT.s CRT, CAT, TTMAX, TTL AG
INTEGER TF
INTEGER RM39.,AM39. TM39., TAG39, EM 39
INTEGER VIZ2, V39
INTEGER RPT, APT, R5, AS, VRS, VAS, ES
INTEGER TT12, TT39, TTL 12, TTL39, TT
INTEGER FULLT, DROPT
INTEGER T2
IH=139D
IFCIHY 13,19, 20
IH=64
JB=NP39CIH)+ 1
K=1
IF(K-NB39(IH})} 69,63, 200
IFCTAG39(JBY) 72.88.,70
TAG39(JB)=g
GO TO 122
IF(FULLT) 162,180,989
CaLL TRKNOCNT, 1)
KR=RM39(JB)
Ka=aM39(JB)
RPT(NT)=KR
RS(NT)=KR
NR(NT>=KR
APT(NT)Y=KA
ASNTY)=KA
ES(NT)=EM39(JB)
VRS(NT>=8
VAS(NT)=0@
NTIM=TM39C¢JB)
M=NTIM/2+32767/(V39/125)
IF (M+16384) 94,9393
M=M- 16384
TTL 39 (NTY=M+M
TT3(NTI=NTIM
TT(NTY=NTIM
TF(NTY=NTIM
TTIZ2(NT)Y = NTIM - TTLAG
IFCTTI2CNTY) 91,992,923
TTI2(NT) .= 32767+ TTI12¢(NT)
CONTINUE
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1I={KA-P3912(IHI /2
IF (1LY 95,96.96
9% (I=1I+16334
96 II=IL/C¢VIzrz259)
1I=1I+NTIM/ 2
IF (II~16384) 93,97,97
97 11=11-16384
od TTLI2(NT)=Ii+11.
KTCNTI= |
ISECT=KA/ 512+ 1
CaLL TNEW(NT,ISECT)
109 K=K+1
JE=JIR-1
IFCJBY 158 158, 58
150 JB=JB+256
G0 TO 58
233 CONTINUE
RETURN
END
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288

283
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286
238

209
211
2ia
2i5
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243
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SUBROUTINE ALPNM
COMMON/ ALP/1PARL, I PAR2, IQPER, NUM. JTAR( 32); NHAND, I START, NCATCH
COMMON/ TPARI/RPT( 256), APT{ 2587, ES{ 2567, VRS{ 2565, 8UT( 2563, I STA( 12)

COMMON/ TPARZ2/ R5( 2563, AS( 2556, VAS( 256>

COMMON/ TPAR3Z TTI2(¢ 2563, TT39( 2563, TTL I2¢ 256, TTL 39¢{ 2567, TT{ £567
COMMON/ TPARA/K T 2563, TF(256) s NTARGET, NELEV, I SXIP

GCOMMON/ TFILES TBA( 647, I DT{ 256}

INTEGER TT12, TT39, TTL12, TTL39., TT

INTEGER RPT, 4PTs ES, VRS, OUT, RSs &5, VAS, TF. TBX'

IF (IQPER) 1208 1,1

NUM=g

TADED=TNADEHL |
AWl DO= LW Lnr g

G0 TQ (124, 204,900, 186,900, 660, 990, 960,959, IOPER

TARGET HANTDOFF: I10PER=!,IPARI=TARGET, IPAR2=1{(KILL REQUEST)
IF(IPAR2-1)Y 185,101,105

NHAND=§

G0 TQ 959

NEAND=IPARI+ |

TARGET PARAMETERS: IOPER=4,1PARI=TARGET
I=zIPARL+1

NUt=6

JTARC 12=RS(1)>

JTAR(2}=4a5(1)

JTAR(3)»=ESCI)>

JTARC4»=TT(1)

JTAR(S)=VRS(17

JTARC6I=VASCIL)

GO To 958

TARGETS IN AZIMUTH SECTGR:IQPER=Z2, IPARI=Al, IPAR2=A42
ISECi=1IPARL/ 512+ 1

IF CISTART-1» 283,285, 223
1 S8ECI=ISTART '

I SEC2=IPARZ2/ 518+ i

1F (ISEC2~-LSECLY 286, 208, 208
1 BEC2=15ECE2+564

CONTINUE

D0 2586 I=ISECLsISEC2

K=I. ’

IF (K=-64) 2ll.211, 209
K=K~ 64

NT=TBX{K)

IF (NT) 258,258,215

IF (KTINT)Y) 248,228, 248
NUM=NUM+ 1

JTAR(NUMY=NT=1

IF (NUM-32) 240,945,945
NT=IDT(NT?

G2 TN 912
b=ty 4 LF L

CONTINVE

I15TART={

G0 TO 958
TENTATIVE TRACKS
D0 653 IsISTART: é
NT=TBA{I>

IF (NTY 650,653,615

: 10PER=6
4

=]
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615
6243

64@

659

aQaaQ

938

91@
915
920
338
325
330
799
8292
925

930

94@

9245

959
1929
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IF (XT(NT)=-1) 640,620,643

NUM=NUM+1

JTAR(NUM)=NT= |

IF‘(NUM-—SQ) 64@;9&5}945

NT=IDT(NT)

GO TO 612

CONTINUE

ISTART=1

G0 TO 950

:I0PER=3, TARGETS INSIDE(IPAR2=1) OR QUTSIDE(IPAR2=2) R(_IPARI)
LIST TOTAL TRACK FILE: IOPER=3

LEST HIGH CLOSING VELOCITY TARGETS: I0PER=7,1PARI=VELOCITY
LIST TARGETS UNDER ELEVATION SEARCH: IOPER=3
DO 940 1=1ISTART, 64

NT=TBX({I)>

1F (NT) 948,948,915

IF (KTC(NTY) 938,928,930

GO TO (950,95d, 300,958, 925,950, 700,800,.952),10PER
IF (RPT(NTY-IPARI) 325,325, 33¢

IF (IPAR2-1Y 930,925,930

IF (IPAR2-2) 930,925,930

IF (VRS(NT)Y+1PARI) 925,930,930

IF (TF(NT>) 936,930,925

NUM=NUM+ 1

JTAR(NUMI=NT-1

IF (NUM-32) 938,945,945

NT=IDT(NT>

GO TO 918

CONTINUE

1 START=1

G0 TO 958

NUM=255

I 5TART=I

IOPER=-1

RETURN

D
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SUBROUTINE EH.EV

COMMON/ ELE/ NDESTARCA4),TAZIM(16),NTARPR(S),NCIJUNT

COMMON/ AL P/I PAR1> I PAR2, IOPER, NUM, JTAR( 32}, NHAND, ! START.NCATCH
COMMON/ TPAR2/R5( 256), AS(256), VAS(258)

COMMON/ TPARIZRPT(256), APT(256), ES(256), VRS(256),0UT({256), 1 STAC12)

COMMON/ TPAR4/KT(256), TF(256), NTARGET.NELEV, I SKIP
COMMON/ TPAR3/ TTI2(256), TT39(256), TTL12(256), TTL39¢256), TT(258)
GOMMON/ TNQ/LI STT(256)NEXTT, LASTT, FULLT
COMMON/CNO/ LISTC(256),NEL{TC,LASTC, FULLC, I 1 2DEL
COMMON/VEL/7 V12,V39

DIMENSION NTEMP(S)

INTEGER RS, A5, VAS, RPTs APT, ES, VRS, OUT, TF, V12, V39
INTEGER TTi2, TT39,TTL12, TTL 3%, TTs, FULL T» FULLC
INUM=@

REQUEST FOR ELEVATION ON NEW TRACKS

DO 16 I=1,4

K=NDESTARC(I)>

IF (K)Y 1@,4.4

iIF ({-256) 5,8,8

TF(K+1>)=8

N EL. EV=N EL EV- 1

GO TO 9 ’

INUM=INUM+ |

NELEV=NEL EV+ |

NT=K-255

TF(NT)=4

NTEMPCINUM)=NT

NDESTAR(I)»==1

CONTINUE

PROCESSING OF OLD REQUESTS

IF (NCOUNT) 25,25,1i2

NN=NCOUNT

NCOUNT=0

DO 23 I=],NN

IF CINUM-8) 14, 16,16

INU=INUM+ )

NTEMP(INUM) =NTARPR(I)

GO TO 2@

NCOUNT=NCOUNT+ t

NTARPR(NCOUNTY=NTARPR(IL)

CONTINUE

INUMZ=INUM+ INUM

IF CINUM) [G2,90.26

PREDICTION OF NEW POSITION
15CAN=32767/(V39/25)

DO 6@ I={,INUM2,2

II=CI+1x/2

NT=NTEMP(II)

NDEL=TTL39(NT)~TT(NT)

IF (NDHE.) 38,35, 35

NDHE.=32767+NDEL

KK=((NDEL/4B)*x(VRSC(NTY/ 148>)/6

IAZINMCI+ 1)=RS(NTI+KK )

KK=(NDEL/ S@)*(VASCNTY/112)

M=AS(NTY7 4+KK/ 4- 64 '
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IF (M=-8192) 48, 45, 45
4 IF MY 42, 58, 58
42 M=M+5192
GO TO 5¢
45 M=M~-gGi92
58 IAZIMC(I)=4xM
1F (M=7168) 682,68, 55
55 IF (NDEL-~ISCAN/2) 58, &0, 68

- T QAN
58 NDEL=NDEL+ISCaN

GO TO 35
6@ CONTINUE
iNtMi=INuU2-2
IF (INUMI) 93,983, 65
DRDERING OF TRACKS 1IN AZIMUTH
65 DO 88 1-1,INUM1.2
II=1+2 ‘
oD 838 J=1l,INUM2, 2.
IF (IAZIM(I>=IAZIMCJ)Y)) BO, 83,78
T8 U=IAZINM{(1> ’ ) '
' TAZIMCI Y=L AZINMCI)
IAZIMCJI=K '
K=I1AZIM{1I+1>
[AZIMCI+ 1Y=TAZIM{J+ DD
IAZIM{I+ 1=K '
86 CONTINUE
EZERQ FILL
98 NEND=INUMZ2+1
IF (NEND-16) 91,91, 120
91 DO 95 I=NENDs 16
95 TAZIMLI)=Q
STATUS PARAMETERS
183 ISTACI1Y=NTARGET
ISTAC(2)=285~FULLT
15TA( 3)=255-FULLC
I STACA)=NCATCH
NCATCH=8
ISTA(S)=112DEL
IS5TA(S)=NELEV
ISTACTI=ISKIP
I1SKIP=g
Fo Y
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COMMON/ELE/ NDESTARC4), LAZIMCI6), NTARPR(8),NCOUNT
COMMON/ ALP/1PAR1, IPARZ2, LOPER, NUMs JTARC 32, NHAND, I START, NCATCH
COMMON/HON/ KONST :
Cmmmnm INITIAL CORRELATION DISTANCE. .
""" COMMON/DATI2/ RM12¢ 2563, AM12( 256>, TH12¢ 2562, TAG12( 2567
COMMON/DAT39/ RM39(256), AM39(2565, TM39(256), TAG3P(256),» EM39(256)
Commw= MEASURED RANGE. AZIMUTH> TIME. TAG TO NOTE CORRELATION STATUS.
T COMMON/INIZ/MRHI2( 847, NPI2{ 04),NBIZ( 642, PI235(64)4 4 PIZIG(64), 12T
COMMON/IN39/MRK 39643, NP39(64), NB39C64), P39 12¢ 64}, P39 18C64),139T

Cm=m=- TIME OF SECTOR CROSSING.LOCATION OF LAST TARGET IN SECTOR IN
G-~-~-DATA FiLFE NUMBER OF TARGETS IN SECTOR, POSITION OF 39 AT
C----<=SECTOR CROSSING BY 12, POSITION OF 1@ AT SECTOR CROSSING BY (2.
C=~<==5IMILAR PARAMETERS FOR 39.

T COMMON/VEL, VI2, V39
R ROTATIONAL RATE OF RADARS-=182 DEGe/SECs = 2%%15.

" COMMON/SECT/ 1[12D,139D
C----- NEXT SECTOR T0 BE UPDATED MOD 64.

' COMMON/ CLT/RPCC 256, APC(256), TC12(236), TC33(256)

C~=----CLUTTER TRACK PARAMETERS.

CTT T COMMON/ CPARL/ TCMAX, TOLAG, CRC. CAC
Crm==n MAKIMUM TIME aN UNUPDATED CLUTTER WILL BE CARRIED:. FIXED LAG FOR
g=~=<<-A PARTIALLY UNUPDATED CLUTTER., CLUTTER CORRELATION REGIONS.

""" COMMON/ CFIL E/ CBX( 64), I DCC256)

Grmm=— CLUTTER MAP POINTERS.

T COMMON/ CNG/ LI STO(256)sNEXTC,LASTC, FULLG, I 12DEL
Coum== CLUTTER TRACKS AVAILABLE.

T COMMON/ TFILE/ TBXU64),1DT(256)

C----~TARGET TRACK PCINTERS..

T COMMON/ TNOALI STT(256 s NEXTT,LASTT, FULLT
Cm===n TARGET TRACKS AVAILABLE.

“““ COMMON/ TPARI/ZRPT( 256), APT(256), E5¢ 256>, VRS{ 256>, 0UT{ 2567,

t o 15Taciz)
C----- PREDI CTED AND SHMO0THED TARGET PARAMETERS.

""" COMMON/ TPAR2/ RS( 2563, AS( 2563, VAS(256)
Cmmmw= SMOOTHED ELEVATIONCFOR 39)..

T COMMON/ TPARS/TTI2(2563, TTIG( 256y, TTL 12{ 2587, TTL39{ 2563, TT(256J
G LAST TIME TARGET UPDATED BY 12,LAST TIME TARGET UPDATED BY 39,
C-=-=~=NEXT OPFORTUNITY TO UPDATE 8Y {2, BY 39, LAST TIME TARGET
C---~~UPDATED BY aNY RADAR.

""" COMMON/ TPARA/KT( 256, TF( 2563, NTARGET, NELEV, I SKIP
R FLAG FOR INITIAL OR FIRM TARGETS, PACKED QUTPUT, FIRST TIME TARGET

COMMON/ TPARS/ CRTU8, 27, CAT(8, 2, 165, TTHAX, TTLAG

Cme=== TARGET CORRELATION REGIONS-AS A FUNCTION QOF TIME. INITIAL QR
C-----FIRM, AND RANGE, MAXINUM TIME AN UNUPDATED TARGET WILL BE
C--~<<CARRIED, FIXED LAG FOR PARTIALLY UNUPDATED TARGET..

COMMON/ TPARG/ VRMIN, VAMIN, TNMAX, TFIX
C-----MINIMUM AND MAXIMUM VELOCITIES TO DIFFERENTIATE TARGETS AND
C<-<--CLUTTER, TIME UN UPDATED INITIAL TRACK WILL BE CARRIED:; TIME

Cmmm—= FILTER PARAMETERS-2. .= 2#%%15.
""" COMMON/ TPARB/NR(256),NM0D ’
f~-=-~-0LD RANGE FOR DROPPING TRACK INTO CLUTTER FILE.

" INTEGER CBX
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INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INMNTERRR

A& LW & =nd b

INTEGER
INTEGER

INTEGER .

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

NRL REPORT 7841

RM12, 8412, TM12, TAGL 2

RM 39, AM 39, TM39, TAG39., EM39
V12, v3ge

P123%,P1210

P3912,P3910

RPC» APG, TG12, TC39

TCMAX, TCLAG. CRC. CAC

OUHT. CRT. MaT. T'TM AW . ‘I‘TLAG

MW AF INAF LA & ARG 4

FULLCs DRQPC

FULLT, DROPT

RAL PA, AALPA, RBETAs ABETA . .
TF

TBX

DELT, T» VRMIN, VAMIN, TNMAX, TFIX

TT12, TT39, TTL'12, TTL39, TT
RPT, APT, RS, AS, VRS, VAS, ES

DECLARE FILTER PARAMETERS.

DATA RaLPa/

&, 1,
12, 13,
268, 20,
25, 25,
28, 28,
38, 30,
31, 3L,
31, 31.

1, 2 3, 4, S 6 Ts
14, 14, 15 15, 16, 16, 17
21, 21, 21, 22, 22, 22, 23,
25, 25, 25, 265 26. 26, 260

28, 28, 28, 29, 29, 29, 29,

38, 3@, 3@, 3%, 31, 31, 31,
3i» 31, 31, 31. 3!, 31, 31,

31, 31, 31, 31, 3l 31, 31,

DATA AALPA/

2. I,
12, 13,
28, 242,
25, 25

28, 28,
@, 33,

ped ot ] Sl

31, 31,
- 31, 31»

1, 2s A, 4> 5 G Ts.

14, 14, 15 15, 16, 16, 17»
21, 21, 21, 22, 22, 22, 23,
25, 25, 25, 26, 26, 26, 26,
28, 28, 28, 29, 29, 29, 29,

38, 38, 38, 3@. 31, 31, 31,

31, 31, 3t, 3t, 31, 31, 31

31, 3t, 31, 31, 31, 31, 31,

CALL DUMMY

VBMIN =

VAMIN =
TNMAX =

1z2a@
VRMIN=800
820
2125

TFIX = 28008
vViz = 18923
V39 = 8192

T Tt AP

A AT

TTLAG =

[ ¥ ¥ !

<oy

7003

.SET GORRELATION REGIONS.

CaLL DUMMX

INITIALIZATION OF AVAILABLE TARGET AND CLUTTER T

NCATCH =

5]

79

8y
17.

23,
26,

59,
31,
3

31

By
23,

26,
29,

Yy
Jhka

315

31,

Bas .
18,
23, !

27,

3
315
31s

18,
23, .
27,

29,

L9

18,
23,
27,

36,

315
3y, -

31

- Y
18, .
23, .

27,
33,

Rl
14

315

13
19,
24,

27

38,
3y

31
31s

18s...
184
24,

27,
30,

~
J 1

31
115

13,
195

24,
27,

3a,
< PN
31

31,

13,

19, .

24,
27,
39,
3ia
31,
31,

11,

19,

24,
27;

30,
31,

3.
31,

11,
19, .
24,

27,
38,

-~

Jis

31,
"3,

RACK NUMBERS.

12,
20,
24,
27,
33,

31,
‘31,

31/

12»

20, .
24,
27,
33,
3is

31,

31/




12

ISKIP = §
ISTART = |
NCOUNT = @
NDESTAR( 1)
NDESTAR( 2
NDESTARC 3)
NDESTARC 4)
NTARGET = 2
NELEV=S
I0PER=-1
NEXTC=1
NEXTT = |
LASTC=256
LASTT = 256
FULLC=255 .
FULLT = 255
B0 5 I=1,256
IT=1+1
LISTT(I} = IT
QUT(1)=~-1
KT¢(I>) = 63
LISTG(IX=IT
LISTC(256)=0
LISTT(256) = @
DO 12 I = 1584
CBX{ID B
TBX(I) 7]
CONTINUE
KONST= 1606688
TCMAX= 5838
TCLAG=7 3038
GRC= 64

CaC= 128
NMOD=g

CaLi, EXCUT
END

W oH

| O |
— .

nou

CANTRELL, TRUNK, AND WILSON
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SUBROUTIN E DUMMY

A AN B AT A TRET STV AT TR A S

COMMON/ TPART/RALPACI28), AALPA(128), RBETA 128>, ABETAC 128)

INTEGER RALPA, AAL.PA, RBETA, ABETA
DATA RBETA/

Bs - @ Qo By Bs 1s- ls 25 2,

9518, 11,12, 13, 15 165 17s 18,
27, 28, 30, 31, 32, 33, 34, 35, 36s
43, 44, 44,45, 465 46, 47,  4T> 48,
51, S2, 52, 52, 52, 51, 51, 51,

46, 45, 44, 43, 42, 41, 40, 49, - 39,

32, 31, 30, 29, 29, 28, 28, 28, 27,

29, - 38, - 3@, - 31, - 31, - 315 - 32, - 32, - 32,
DATA ABETH/

2. @ @ - Q- By Qs 1. 1, Ly

i I R e
wn
[
-

6 Ts 85 9, 10, 18, 11, 12, 13,

2@, 21, 22, 23, 24, 25, 26s 265 27,
33, 34, 35, 35, 365 37, 37, 38, 39,

A2, - Ah. AR, AS,  AA. AR, AR,  HAK.

465 - 465 - 45, - 45, - 44, 44, - 448, - 43, - 43,
38, - 37 - 36» - 35 - 34, - 33, - 33, - 32, - 31,
29, - 29, 29, 29, 29, 36, 34, 3¢, 38,
RETURN
END

e b b e
)
4
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3s

19,

- 37,
A8,

53,
38,

27,
32,

2s
14, -
- 28,
-39,

AR

S OF

42
- 31,
- 3@,

4s -
29,
- 38, -

S 49,

58, -
- 37
- 28, -
32,

e XA 4

A2y
3%,
- 3%, -

15, -
89, -
- 48

[ L A

5,
- 23
wi1r 1}

53,

C49.

35,

28,
- 32,

175
- 38,
A4l

B by

-7

-al,
- 39s -
-31s

6, -
- 24,
- A A.

- 58,

48,

- 35,
28,
- 33

4s

18, -
c 31,
41,

L hA

b 305 4

4,

332,

-31.

Ts -
- 25,
~dtla

- 58, -

47

- 34s
- 29,
- 33

5s -
18, -
- 32,
42,

D

v

A,
- 29,
- 31,

- 26,
4o

Sls -
46

- 33»

29, -

- 337

s
19, -

- 33 -
42, -

Che L .

=<

-39, -
- 29,
- 31/
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CANTRELL, TRUNK, AND WILSON

SUBROUTINE DUIMX
COMMONY/ TPARS/ CRTC(S, 2)s CAT(B, 25 16), TTHAK; TTLAG
INTESER OUT, CRT, CAT, TTYAYX, TTLAG

DATA

DATA

UKL /
192, 298, 326, 332, 342, 3565, 378, 334,
328, 7x3512/

GAT 7/
16%x512 »
403, 15512 »
311,396,421, 4465 4TS5 S85, 2%k512 , 428, 7512 »
2683, 325, 358, 375, 4804, 434, 4T 4, 5182, 347, 1479
214; 279, 295, 329, 349, 3792 419, 463, 333, 74407
195, 245, 2785 295, 324, 354, 39 4, 438, 274, Tx 362
185, 233, 255, 2885 309, 339, 379, 423, 253, T4 329
190, 223, D4R, 273, 332, 332, 372, 416, 238, 73484
175,218, 243, 268, 297, 327, 367, 411, 226, %284
173,214, 239, 264, 293, 323, 363, 407, 216, T*269
173, 214, 239, 264, 293, 323, 363, 457, 216, T%26%
173, 214, 239, 264, 29 3, 323, 363, 497, 216, 7269

173, 214, 239, 264, 293, 323, 3563, 437,216, T+282
173,214, 239, 264, 29 3, 323, 363, 487, 216, 74269
173,214,239, 264, 293, 3235 3635 487, 216, T%269

173,214,239, 264, 29 3, 323, 363, 407, 216, 742659/

RETURN

D

82

LI T I I B T L

w W



aOaag

(&)
L4

14
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SUBROUTINE GTDA

COMMON /SECT/Ii12D,139D
COMMON/BUF/IBUF(3M,ITIIC 1208 NST
IS5 = 1886~-NST

IF(NST.EQ. 12822) GO TO 22

DO 18 Y. ="1,18

IIZ. CID> = TITCNST+I)

CONTINUE

JS =I15+1

READ BINARY(13) (ILICJ).J=J5, 10028
IF{(NST.NE. 10@2> GO TO 38

ASSUMES 12 SECTOR FOLLOWED BY 39 SECTOR.

I12D = I1I1(2)
IFCI12D. EQe64) 112D
N = 3%ITI{(5

I39D = ILI(N+T)
IF(139D. EQ. 64) 139D
NST = 8~ )

RETURN

END

SUBROUTINE SHEFT(N)
COMMON/BUF/IBUF(3@),I11C1008),NST
DO 18 1.= l.N

IBUF(I) = ILIICNST+I)>

NST = NST +N

RETURN

END

i
&t

]
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